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PREFACE TO THE SECOND EDITION 

Tlie popular reception of this text in elementary pharmacy has 
encouraged the authors and the publishers to prepare a second 
edition. This is done to make such changes in the text contents 
as conform with the latest Pharmacopoeia of the United States of 
America and the National Formulary, to add newer concepts of 
certain principles and techniques, and to enlarge some chapters. 

The collateral readings and study questions have received favor¬ 
able comment, and these have betui increased and revised and older 
references deleted. 

The authors express their appreciatioi\ to those teachers of phar¬ 
macy who have used this work as a text in courses of elementary 
pharmacy, and their special gratitude is extended to those who have 
ofT(‘red constructive criticism and corrections with the aim of 
improving the text. 

The Authors. 

April, 1949 
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PREFACE TO THE FIRST EDITION 

Tiiis book should serve to introduce the student of pharmacy 
to (he professional subjects he will take up in his academic program. 
It is a manual or a guide to introductory pharmacy. This by its /ety 
nature should be, at least in part, of an orientative character, to 
assist the student to learn in a general way the professional and 
commercial aspects, requirements, and opportunities of pharmacy. 
A cl(‘ar coiu'ept of what constitutes the profession should enable 
the student to determine whether he wishes to continue the course 
and to serve pharmacy effectively under its present limitations. 

• A d(‘cision on this basis would appear to be a sane and humane 
one for the welfare of the public, for the interests of the student, 
and for the benefit of the profession, since pharmacy cannot pro- 
gr(»ss if practiced by persons \\ho are unhappy in it or unprofessional 
in their attitude. If, as a result of this text, this decision and 
selection can be made early in the curriculum, then this volume has 
acc omplished one of its primary purposes. With this in mind, the 
lirst chapters give a brief historical account of the development 
of pharmacy and a statement of principles for its practice, discuss 
the literature essential to the maintenance of standards, describe 
the modern pharmaceutical curriculum, and outline the oppor¬ 
tunities offered by the profession. 

Some educators, no doubt, are of the opinion that orientative 
material is too advanced for the bt'ginner in the pharmaceuti< al 
curriculum. The authors, however, as \mA[ as many others, are 
convinced that the principles embodied in the lirst chapters are 
so fundamental to the profession that they should be immediately 
impressed upon the new student and repeatedly emphasized 
throughout the educational program. 

As a manual of instruction, this text offers the essential princi¬ 
ples and techniques necessary for progressing to the more diffi¬ 
cult courses that follow in logical sequence in the curriculum, in 
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which it is expected that they will be elaborated upon more fully 
and also applied. Study questions at the end of each chapter 
give the student the opportunity for a thorough review of tlie 
preceding material. The suggested collateral readings at the end 
of each chapter will help him to acquire a broader knowledge of 
the subject. The student is strongly urged to consult these, for it 
is realized that neither this book nor any other single work can 
serve as an adequate introduction to the subject of pharmacy. 

A feature of the text is a pronouncing index, intended as an aid 
in bringing about greater uniformity in the pronunciation of 
pharmaceutical terms among membiTs of the profession. 

The Authors. 

Chcpel Hill, N. C., 

September, 1944. 



HISTORICAL DEVELOPMENT OF PHARMACY 5 

Aesculapius and his sons Machaon and Podalirius are mentioned as 
having served in the expedition against Troy as surgeons to th(‘ 
army and as leaders of the troops. It is established that Aescula¬ 
pius was a historical character who was deified in 420 b.c. He is 
reputed to have been the son of Apollo, the god of medicine, and to 
have been taught the art of healing by Chiron, one of the centaurs. 
Hesides his two famous sons, mentioned above, he had four daugh¬ 
ters, two of whom were II>geia and Panacea. 

Temples were built in honor of Aesculapius, and in them the art 
of healing was practiced. They were convenient places to which 
people could go for treatment and rest. These temples, in the earl> 
years of their exist (Mice, were in the hands of the descendants of 
Aesculapius. The original Aesclepiadae kept the medical secrets 
and pharmac(Miti(‘al formulas among the family leaders, who were 
both prii'sts and plnsicians. Much attention was given to the 
location of tlie Aesculapian temples. The buildings and the sur¬ 
roundings were made attractive. The unclean and tlujse about to 
die were not admitted to the temple enclosure. Simple curative 
measures, such as massage, dietetics, pure water, sunlight, pure air, 
and physical exercise, w ere a part of the rational treatment afforded 
at these centers. 

Since it was not possible for all the sick to be cared for at the 
temples, there were traveling physicians who went about the coun¬ 
try. They established outpatient clinics and institutes of heahng 
not unlike our modern hospitals. Physicians, military doctors, 
general practitioners, and special medical attendants became corn-, 
mon and IchI to the breakdown of the earlier priestly character of 
medicine. Medical schools were founded, among them being 
famous ones at Kos, Cnidus, and Rhodes. Hippocrates (460 to 
357 B.C.), tlie most renowned character in medical history, was a 
graduate of the school at Kos. He rationalized medicine, systema¬ 
tized medical knowledge, and put the practice of medicine on a high 
ethical plane. The so-calledHippocratic oath” is a most impres¬ 
sive document in medical ethics (see page 59). While the modern 
mind cannot accept all the practices and theories of Hippocrates, 
there is no reference in his writings to charms, incantations, divina¬ 
tions, and astrology. The tlieories of Hippocrates were distorted 
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by his successors. However, Alexander the (Ireat founded the city 
of Alexandria in Egypt in the fourth century b.c., and there the best 
in Greek medicine thrived for a time. 

Great men contemporary with Hippocrates were Socrates, Plato, 
and Aristotle. Aristotle created the sciences of comparative anat¬ 
omy, systematic zoology, embryology, botany, and physiology. 
Dissection of the human body was still taboo, and Aristotle admit¬ 
ted that the “inward parts of man are known least of all.”' Theo¬ 
phrastus, a student of Aristotle, advanced th(' science of botan>. 
V^ne of the greatest names in medicine after Hippocrates is that of 
Galen (a.d. 130 to 200), who was famous for his work in anatomy 
and physiology. It is said that he approximated the* discovery of 
the circulation of the blood. His vicwvs were essentially those of 
Hippocrates. He traveled a great deal, collected many plants, and 
had much faith in drugs. Galen was the last of the Greeks to make 
noteworthy contributions to medicine, and for many centuries his 
reputation was a commanding one. 

There were many other Greeks who were famous in the field of 
medicine. Empedoedes, in the fifth century b.c., was the first com¬ 
parative anatomist. Diodes, in the fourth century b.c., was author 
of the first Greek herbal and the first book on anatomy. Herophilus 
(about 300 B.c.) is called the father of anatomy, and Erasistratus 
(about 360 b.c.) is called the father of physiology. The latter were 
both connected with the school at Alexandria. 

The Greek physiedans prepared their own medicines. These were 
administered by their pupils, who remained with the patients, 
reported the symptoms, and carried out the doctors’ orders in other 
ways. Prescriptions were few, crude, and simple. Pharmacy in 
Greece was clasely associated with medicine in that physicians did 
much of their own compounding and dispensing. There was a class 
of root diggers known as the rhizotomes {rhizoiomoi ). They gathered 
and prepared their drugs with much mystery and according to 
^superstitious rites. When the rhiaK)tomes prepared compound 
medies, they became known as the pharmacopoles (pharmakopoloi). 
\e field of medicine in Greece about 300 b.c. became divided in 

. J. Mullowney. “The History of Medicine in Brief,” published by the 
►r, Nashville, Tenn., 1929. 
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practice among physicians, surgeons, rhizotomes, and pharmaco- 
poles. The pharmacopoles were much like physicians of our time. 

The physicians left surgery, which was beneath their dignity, to 
the surgeons. Compounding was left to the pharmacopoles. The 
physicians wrote out their directions for the guidance of the pharm¬ 
acopoles, who did the compounding. Later, prescriptions became 
more complicated, and compounding them was not easy. The 
famous iheriaca of IMithridates contained 54 ingredients. Many of 
th(» celebrated formulas for the hierae contained almost as many 
ingredients and must have recjuired no little pharmaceutical skill to 
prepare. 

/'^Wlien Rome conquered Creece, Greek medicine was taken to 
Rome, where it finally displaced the old Roman religious medical 
pra(‘ti(‘es. In the hands of Dioscorides^ Aretaeus, Galen, and 
Celsus, nn^dicine made substantial progress in Rome at about the 
time of the beginning of the Christian era. Dioscorides was known 
for his materia nH*dica. A I*# eus was a clinician and reported 
man> observations of value upon pneumonia, tetanus, empyema, 
epilepsy, and insanity. Celsus was not a physician but a wealthy 
patron of science. 

M<HlicaI and Pharmaceutical Practices in Rome. The 
Romans at no time had a system of medicine of their own. What¬ 
ever professional developnnmt there was that was worth while medi¬ 
cally may be attributed to the tireeks. For the Roman, every dis¬ 
ease had a minor deity. Medical treatment consisted in satisfying 
and placating, in a businesslike vvay, the evil spirits presumably 
involved. The head of the house not only was supreme in his own 
household but w as his own physician and health officer. The house¬ 
hold included the slaves and all domestic animals. 

The medicine cabinet of the Roman household contained a few 
simple herbs, which were purchased from merchants. There were 
no pharmacists as we know them today. The chief of the household 
knew a great deal about the use and application of drugs. The 
Roman system of medicine consisted not only in administering 
drugs but in observing the rites of mystery and magic. 

It was diflicult for science or rationalism to affect a system of 
religious folk medicine such as existed in the Roman Empire. The 
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Romans were much more superstitious than religious. Powerful 
evil spirits and annoying goblins plagued every household. To 
treat a disease it was necessary to use the proper magic to appease 
some angry god. If the treatment failed, this was only bec^ause the 
game had not been played right. 

The Roman had a household god for almost every disease knov\n 
to him. In the later Roman period, ilin(‘ranl (ireek physicians 
migrated to Rome and offered their s(‘rvic‘es for a fee. They were 
mistrusted and looked upon as poisom^rs and assassins, for the 
Romans were not used to a professional attitude toward disease, for 
reasons already given. The elder IMiny is ([noted as sa>ing that 
they (the Romans) had “got on for 600 >ears without doctors.'” 
Their temples, with the priests in attendance, servtHi as sanitariums 
and places where the weary and ailing could r(\st and r(‘cuperate. 
In the absence of the influence of tlie medical practitioner these 
institutions never developed to any extemt. In the late lloman 
period several notable (ireek physicians are kiiown to have s(*r\(Hl 
with the Roman armies, (ialen had siK'h an <*\peri(*nc('. 

The Romans were so steeped in supt^rstition that tlu'v lookc'd 
upon even their herbs with awe. The> believ(‘d in the ('fllcai \ of 
drugs but had no scientific basis for such a b(*li(‘f. In gathcTing 
their herbs they gave much attention to form, color, odor, and other 
features. In making them into decoctions they r(*(*ogni7A‘d all sorts 
of mystical influences. It was necessary to observe the seasons of 
the year, phases of the moon, hours of the sun, and the position of 
other heavenly bodies during the time of gathering. Conditions of 
cold, heat, moisture, and other meteorological phenomena had also 
to be taken into account. Saints* days, the beginning of spring, and 
the ending of autumn were times to be considerc^d in gath(*ring, 
culling, and brewing herbs. Tlie head of the Roman household bore 
great responsibilities in a medical way, and it may be assumed that 
he called upon the priest, the herbalist, and the astrologer for much 
advice and help. 

Magic and occultism formed the framework of Roman medicine. 
The priests held high places as mediators and interpreters of the 
oracles and mystical experiences of the people. The Romans 
believed in holy wells, the fantastic notion of signatures, incanta- 
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lions, the potency of names, the laying on of hands, talismans, and 
symbolisms of all sorts. 

Rome had more than her share of medical quacks. The physi¬ 
cians were not, at any time, a professional group. They did much 
to bring medicine into contempt. But poorly trained and ignorant 
as they were, on the whole there were many among them who were 
honest, skillful, and helpful. 

Arabian Pharmacy and Medicine. In conquering Persia, 
\sia Minor, northern Africa, and southern Europe the Moslems 
M\ heir to the culture of those whom they had overrun. The Arabs 
(\)n((uered Persia about a.d. 650, and there they came in contact 
with th(‘ Nestorian Christians, who had kept Greek art and science 
alive. Their Greek texts were translated into Arabic; hence, Greek 
culture and Vrabic learning were fused. After the fall of Rome in 
v.D. t76 the culture drift was east toward Byzantium, the center of 
wInch, for several centuries, was C-onstantinople. The \rabs spread 
tlunr new learning throughout their empire and brought it west 
again, where it was localized in the Spanish cities of Cordoba, 
Toledo, Seville, and other (‘enters. 

Bagdad became the ( apital of the Eastern Caliphate in the sixth 
century \.d. The inonarchs were friends of learning, especially of 
sci(Mice, niedi( in(‘, and pharmacy. The> encouraged and supported 
th(* collection, cop>ing, and translation of (ireek manuscripts of all 
sorts. As a result the works of Hippocrates, Galen, Dioscorides, 
and other famous authorities were translated into the Arabic lan¬ 
guage. These translations have preserved for us many of the Greek 
classic's that otherwise might have been lost. The Arabs were not 
original in their science and culture but studiously mastered the 
nuidical and pharrnacal teachings of the Greeks and later brought 
this medical heritage into Sicily and Spain. In this respect their 
custodianship was of great value to the learning of the We^t. It 
was in the cilices of Spain that the Arabic language and culture met 
the Latin scholar. The Arabic texts were translated into Latin, 
indirectly exposing Europe to Greek thought. The Latin scholars 
recognized the origiinil sources of Arabic culture and felt that they 
themselves had better sources of information and learning thiui the 
Arabs. The latter, by their zeal for learning, reawakened the Latin 



10 PRINCIPLES AND PROCESSES OF PHARMACY 


West. This, in the end, led to the undoing of the Moslems in Spain. 
There remains in Spain, even today, evidence of Arabic culture and 
science. 

The pharmacy and medicine that the Arabs preserved and devel¬ 
oped were a curious blend of Greek medicine, derived from the 
Nestorian Christians, Jewish medical practices, astrology, and the 
cx'cultism of Egypt and India. Arabian medical culture lasted 
from the eighth to the twelfth century. It was dominated by 
Greek thought in the earlier centuries but later developed some 
independence. 

Even though the Arabian medical scholar had inherited the b<»st 
that Egypt, Greece, and Rome had left, he often gave first place to 
unimportant things. His professional status was apt to be gaug(‘d 
more by the height of his turban and the length of his sleeves than 
by his skill and learning. II(‘ was not versed in anatomy, believing, 
for example, that the liver guarded the heart and was the seat of the 
soul. Dissection was forbidden because of certain religious (on- 
victions. Surgery was left to wandering spec ialists, and obstetrics 
to midwives. Arabian physicians wrote charms and m>stified their 
patients with all sorts of tricks in an effort to enhance their impor¬ 
tance and authority. They were strongly interested in (ollecting 
their fees and often stipulated the amount in advance. 

Hospitals in Arabia. Many hospitals were built and kept up by 
the Arabs. One of the best of these was founded at Darnasc'us 
(1160) and another at Cairo (1276). The hospital at Damascus 
gave treatment and free drugs to needy patients for more than three 
centuries. The great Al-Mansur hospital in Cairo employed both 
men and women as nurses and had separate wards for certain dis¬ 
eases. It had, among other things, diet kitchens, outpatient clinics, 
a library, lecture rooms, and w ards for women. The convalescents, 
upon being discharged, were given money so that they need not 
return to work too soon. In C.ordoba and other Spanish cities, 
under the Moslems, there were hospitals much in advance of any¬ 
thing that the rest of Europe had. The Moslems were also kind to 
the insane, a practice that Latin and European Christians had not 
developed. 

Arabian Pharmacy. In the eighth century, Arabian pharmacy 
and medicine became separate branches of learning and practice. 
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The separation was made compulsory by law in the eleventh cen¬ 
tury. Arabian pharmacists imported drugs, such as senna, cam¬ 
phor, rhubarb, musk, cloves, aconite, and mercury, from many 
sources. Arabian apothecary shops were regularly inspected and 
severe punishment meted out to those who sold spurious drugs. 

Alchemy is said to have been the child of Arabian medicine. 
Along with ideas of alchemy there was developed the idea of a poly- 
valent “elixir of life,” a cure-all. Tliis elixir was assumed to be a 
“potable gold.” In searching for it aqua regia and other strong 
ac ids were' discovered. This was, perhaps, the beginning of phar¬ 
maceutical chemistry. 

Arabian Scholars. Arabia did not produce many outstanding 
scholars. The following should, however, be mentioned. Rhazes 
(865-925), according to Garrison,^ ranks with Hippocrates, Are- 
taeus, and Sydenham. His descriptions of smallpox and measles 
are considered to be classic because his accounts are so vivid and 
complete. “Continens .” his encyclopedia of medicine, which has 
b<‘en preserved in Latin, has many original clinical histories and 
t lierapeutic expfTiments. 

Ali Abbas (about 991) was the author of the “Royal Rook,” a 
treatise on medicine. It was translated into Latin about 1070 to 
1080. The anatomical section of this book was the text at Salerno 
until 1170. 

Avicenna (980-1037) was called the Prince of Physicians. He is 
cre'dited with having waitteii over one hundred works up<3n many 
subjects. He first described the properties of sulfuric acid and of 
alcohol. His “('anon” was a great storehouse of medical knowl¬ 
edge, whicli, according to critics, did much harm in that it domi¬ 
nated European medicine for too long a time and thus stultified it. 

Avenzoar, a C.ordovan, died in Seville in 1162. He described the 
itcli mite and serous pericarditis, inflammation of the middle ear, 
and other ailments. 

Moses Maimonides (1135-1204) was one of the last of the eminent 
scholars of the Arabian era. He wrote a treatise on personal 
hygiene and was an authority on poisons. 

The Arabs did much to improve pharmaceutical products and to 

* F. H. (larrisioii. “ An IntrodiK'iion to the History of Medicine,'* W. B. 
Saunders Company, Philadelphia, 1929. 



12 PRINCIPLES AND PROCESSES OF PHARMACY 

make them more elegant and palatable. Their pharmacy and 
materia medica have lived through the ages. 

Byzantine Pharmacy and IMedicine. The Eastern Roman 
Empire survived the Western Empire by a few centuries. Byzan¬ 
tium, later known as Constantinople, was its capital and became 
the center of the Byzantine Empire. It not only absorbed the 
shock of the falling empires of the West but withstood, for a time, 
the impact of Arabia, which was the rising power of the Mediter¬ 
ranean. Scholars who had been trained at Alexandria in pharmacy, 
medicine, and other branches of learning gathered at Byzantium. 
They were familiar with the culture of the Greeks and the Romans 
and traveled both east and west from this more advanced intel¬ 
lectual center. Arabia profited by those who traveled east. The 
West, even beyond (ireece and Rome, benefited by those who ven¬ 
tured to explore the old centers of civilization and carry their learn¬ 
ing into western Europe*. 

The scholars of Byzantium were not keen scientists but were good 
copyists and encyclopedists. They thus had a (onsiderable share 
in preserving the learning of the Greeks and Romans. But though 
Byzantium conserved and preserved its inheritance, it remained 
static. Here the mysticism of the East met the philosophies of the 
West, and the voice of wisdom was heard too seldom. Demonism 
and symbolisms of many sorts hindered intellectual development 
even more than in earlier ages. 

Among the few prominent Byzantine pliysicians was Aribasius 
(aj). 325-403). He was a great compiler and left a catalogue of 
early Greek physicians who otherwise might have been forgotten. 
His “Encyclopedia of Medicine” comprises over seventy volumes 
and deals with all aspects of the subject. He spoke well of Galen. 
His “EuporLsta” was a medical treatise popular during the Middle 
Ages. He has been regarded as the founder of pedagogics and rated 
as the best medical writer of the ancient world. 

Aretius (sixth century a.d.) was trained in Alexandria and was 
the most learned of the later writers upon poisons. His compila¬ 
tions upon medicine, pharmacy, and toxicology have come down to 
us nearly complete. He gave good accounts of many ailments suc*h 
as headache, pleurisy, and epilepsy, with accurate treatments for 
them* He recommended many salves and plasters* 
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Alexander of Tralles (a.d. 525-605) wrote prescriptions and first 
recommended the use of rhubarb. Although he used bleeding as a 
treatment, he was an advocate of fresh air, baths, a milk diet, and 
natural means of recovery from illnesses. His work, known as 
“Practica,” rivaled the best thought of Hippocrates and Galen. 
He was widely traveled and finally settled in Rome. 

Paul of Aegina (a.d. 625-690) was the last of the Greek eclectics 
and the best of the Byzantine scholars. His “Epitome of Med¬ 
icine,” in seven books, was the accepted standard for a long time. 
He was well versed in eye surgery and summarized all that was 
known of pediatrics and obstetrics from antiquity to his own period; 
thereafter, up to the Renaissance, there were no considerable devel¬ 
opments in these fields. From his time on, Byzantium was non¬ 
productive as a medical center. 

Pharmacy and IMedicine of the IMiddle Ages. The Middle 
Ages, or Dark Ages, are the thousand years extending from the time 
of (ialen to the Renaissance. (Jalen revived the clinical common 
sense of Hippocrates. The medical outposts tliat he established 
ha\e been discussed earlier in this chapter. But almost everything 
that Hippocrates and his faithful followers gave to the sciences, 
especially medicine, was all but shrouded from view during the 
Dark Ages, 

However, though the light of Greek medicine faded during this 
period, it was never entirely extinguished. The Greek culture effid 
language prevailed at (Constantinople, the last remnant of Roman 
dominion, for many centuries after tlie fall of the Western Roman 
Empire. The (mths and Huns invaded Rome from the north. The 
Arabs attacked impregnable Constantinople from the south and 
pushed on past it, invading and threatening western Europe. But 
when they were finally driven out of Spain, there were left the sci¬ 
ence and learning of the Arabian and Jewish physicians. Moreover, 
the Arabs served as the saviors of learning because they kept Greek 
thought alive through “all these years of the twilight of culture.”^ 

The crusaders who survived and returned to their homeland car¬ 
ried with them the leaven of Greek tliought that they had found in 
their travels. In addition, Europe became heir to Greco-Arabic 

^ M. G. Seelig, “Medkine, an Historical Outline,** The Williams & Wilkins 
Compan>, Baltimore, 1931. 
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leafning through the work of translators, who were especially active 
in Spain. The Arab bowed to the medical theories of Galen and 
the earlier Greeks and as a consequence made no advances in anat¬ 
omy. Nevertheless the profession of medicine rose to a position of 
dignity and importance. 

Medical culture might have been lost except for the fact that a 
center of medical learning was preserved at Constantinople. In 
addition, the clergy became the custodians of medical knowledge. 
This phase has been referred to as monk medicine. The Benedictine 
order of monks taught that the care of the sick was a Christian duty. 
Monastic schools made the teaching of medicine a part of their dis¬ 
cipline. Thus, throughout western Europe, medicine was in tiiC 
hands of the clergy for a time. Although little or no scientitic 
progress was made, old texts and the holiness of medical art were 
preserved. 

, Medical Schools, Under the Romans it was possible for physi¬ 
cians to be teachers. Salerno, located about thirty miles south of 
Naples, was a health resort in the period of Roman supremacy. It 
was here that St. Benedict founded the hospital of his order in 
A.D. 539, Salerno became the center of a guild of physicians th... 
attracted patients and students from other places. Later a school 
of medicine was established, probably the first in Europe to resemble 
a university. It served as a link between the later Greek physi¬ 
cians and the institutions of our own time, existing for nearly a 
thousand years. It was at the height of its influence in the twelfth 
century, when it was the leading educational center of Christendom. 
During the first crusade in 1096, the base hospital for the militant 
Christians was located at Salerno. The school was abolished by 
Napoleon in 1811. 

Greek medical teaching was transplanted to Salerno. Anatomy 
as a subject of study was much restricted. Surgery, which had 
advanced under Hippocrates and Galen, now degenerated into the 
use of cautery, plasters, salves, and drugs. Pharmacology was dili¬ 
gently fostered, and dietary measures were stressed, as also were 
materia medica and bedside manners. Students of medicine were 
taught the importance of reassuring the patient as to his welfare but 
reporting doubt as to the outcome of his illness to his relatives. The 
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mention of these ideas should indicate that modern medicine has 
inherited much that is psychologically and practically sound. 

Regulations Concerning Pharmacy. The Magna Charta of the 
profession of pharmacy was issued in 1240, when Frederick II, head 
of the Holy Roman Empire, issued an edict creating pharmacy as 
an independent branch of public welfare service. Later there were 
two additional regulations. These three became effective in Latin 
iMirope but not in the Anglo-Saxon world. The regulations sepa¬ 
rated the practice of pharmacy from that of medicine and acknowl¬ 
edged “the fact that the practice of pharmacy required special 
knowledge, skill, initiative, and responsibility in order to guarantee 
adequate care of the medicinal needs of the people.”^ Furthermore, 
olficial supervision was given to pharmaceutical practice, and the 
use of a prescribed formulary was made compulsory. The two sec¬ 
tions of the law that were not accepted generally pertained to (1) 
the limitation of the number of pharmacies and (2) the fixing of 
prices for remedies by the government. The former of these was 
made operable in (iermany, and the latter in the I nited States by 
our laws regulating minimum prices for pharmaceutical items. 

With these regulations, pharmacy became a profession and its 
practice was placed upon a higher ethical plane. The following 
paragraph summarizes the situation concerning pharmacy from 
antiquity to the thirteenth century: 

Thus, Pharmacy, with its beginnings in the instinctive defense against 
disease by primitive peoples, developed under several diverse influences. 
As a part of the work of priests at first, it later fell among the duties of 
physicians. It found its own form and expression in the culture of Greece 
and Rome and developed a kind of professionalism in Byzantium. Only 
under the influence of Arabian wisdom and control, however, did it take 
firm root in European soil as an institution of public welfare to be respected, 
regulated, and further develop^id.* 

Precursors of the Renaissance. When Rome fell in a.d. 476, 
learned men scattered to other centers of culture. As has been 
indicated, the Arabs were the great preservers of the scientific, med- 

‘ E. Kremers and G. Urdaiig, “History of Pharmacy,” J. B. LippincoU 
Company, Philadelphia, 1940. 

*i6W. 
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ical, and philosophical knowledge of the Greeks and Romans. In 
western Europe, medicine was in the hands of the clergy. The old 
texts were preserved, but little or no progress was made in this sci¬ 
ence for several centuries. Because of certain medical abuses by 
ignorant monks, in the eleventh century the church forbade tlie 
teaching, studying, and practice of medicine by the higher clergy. 
This order was not obeyed entirely, because the spirit of reforma¬ 
tion was rising. Scholars at Salerno taught that medicine was a 
discipline based upon natural laws. Tliere was an effort to correlate 
this new science with the tenets of the church. The rnedicophil- 
osophical discussions that resulted were poor preparation for meet¬ 
ing the pestilences and scourges that visit<^d the peopl(» later. 

Education in western Europe was perliaps at its lowest ebb during 
the ninth century. This period was followed by a revival of learn¬ 
ing in the eleventh to thirteenth centuries and the Renaissance in 
the fifteenth and sixteenth centuries. 

There were many factors during these centuries to slow the prog¬ 
ress of medicine. It was an age of faith healing. Superstitious 
practices were the vogue, and innurnerabh* absurd objects were worn 
as charms, talismans, and amulets in an effort to w ard off diseases. 
Where senseless drugs had failed, it was only natural that the peoplcj 
should turn to holy charms. In England, in 1042, Edward the 
Confessor instituted the “royal touch,’’ which Henry VII made into 
an elaborate church ceremony. The royal touch, which was cred¬ 
ited with the power of healing diseases, was practiced by a succession 
of kings and queens; it was treason to speak disparagingly of it. 
William of Orange, in 1688, abandoned the custom. This is the 
first mention of bmgland in connection with the ancient medical 
practices of Europe. While the pharmaceutical practices of Eng¬ 
land were different from those of Continental Europe, progress in 
the sciences, medicine, and philosophy was about the same. 

In the centuries immediately before and after the time of Christ, 
the people were steeped in superstitious beliefs of all kinds. Twelve 
hundred years later, Roger Bacon, like Galen and Hippocrates, 
believed that a knowledge of the stars was essential for physicians. 
“Wherefore a physician who knows not how to take into account 
the positions and aspects of the planets can effect nothing in the 



HISTORICAL DEVELOPMENT OF PHARMACY 


17 


healing arts except by chance and good fortune.”^ Medieval phy¬ 
sicians studied the horoscopes of their patients to aid in diagnosis 
and prognosis, as blood counts and x-rays are used today. Shake¬ 
speare and Cromwell believed in witchcraft and astrology, and the 
descendants of the Pilgrim Fathers put witches to death in New 
England. 

The full reign of superstition, howe'»er, was gradually under¬ 
mined. There were those who doubted and questioned the current 
theories with respect to the causes of diseases and the remedies used 
to treat them. Emancipation from the old ideas came gradually 
and was aided greatly by the establishment of universities and the 
invention of the printing press. The rise of medical schools at 
Naples, Palermo, and Montpellier overshadowed the prestige and 
influence of Salerno. But in the main, there was little medical 
progress in hmrope during the Dark Ages. Haggard sa>s. 

To find any notable progress arising from medicine in these years we 
must turn to one branch of it—pharmacy and to a progress that is essen¬ 
tially social rather than medical—one of enormous benefit to mankind. 
For the pharmaceutical beliefs of the times led to exploration and resulted 
in great geographical discoveries—including that of America.^ 

In the reaction to the domination of the church in medicine and 
to the philosophy and mysticism of the Dark Ages, three important 
characters should be mentioned. They are Roger Bacon (1214- 
1294), Arnald of Villanova (1240-1311), and Petrarch (1304-1374). 
Roger Bacon, the English philosopher, was educated at Oxford 
and later taught there. He was a reformer and an independent 
thinker and insisted upon observation and experiment. He was a 
realist and attacked the false doctrines of his times, which, he main¬ 
tained, w ere halting all progress. He was charged w ith heresy by the 
church and, although he in no way opposed the church, spent most 
of his life in prison. Arnald of Villanova, said to have been born in 
Spain, studied medicine at Montpellier and was instrumental in 
bringing about reforms in medicine. He was an experimenter and 

* A. Newsholme. “Evolution of Preventive Medicine,** The Williams & 
Wilkins Company, Baltimore, 1927. 

* H. W. Haggard. Mystery. Magic, and Medicine,** Doubleday & Com¬ 
pany, Inc., New York, 1933. 
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out of sympathy with the scholastic spirit of the church. He w as 
charged with sorcery and forced to flee from Spain. He had a broad 
knowledge of science and did much to rationalize medical science. 
Petrarch, the Italian poet, aided in the process of rationalization by 
his poetic irony and philosophy. 

There were other stimulating thinkers and reformers who helptnl 
to prepare the way for the Renaissance. Th(‘se sc holars, at least 
some of them, believed in returning to the Hippocratic ideals of 
cleanliness in surgery. As a consequence of their reforms, anatomy 
and surgery were greatly improved. I'he work of (Juy de Chaiiliac 
(1300-1368), a Frenchman and the most distinguished su»'geon of 
the fourteenth century, is regarded as evidence of the stimulation 
generated by the reforms. 

The Renaissance. The Renaissance (1 153-1600), which fol¬ 
lowed the Dark Ages, brought a return to free thought «nid criticism. 
Among the influences that hastened this development were tlu*. 
introduction of the use of gunpowder and firearms, which eventually 
brought an end to feudalism, and the invention of the printing press, 
which, by the wider dissemination of information, made self-educa¬ 
tion more easily attainable. The three great im^dical leaders of 
this era were Paracelsus, Vesalius, and Pare. 

Paracelsus (1193-1541), a Swiss alchemist and physician, publicly 
burned the works of Galen because he thought that they lacked 
authority. Although forceful and ingenious, he allowed alchemy, 
superstition, and much of the nonsense of his day to color his work. 
He was an itinerant doctor and learned much in traveling about 
Europe. He defied authority and was very contentious. Paracel¬ 
sus was regarded by some as a charlatan in that he laid claims to 
having discovered the elixir of life. It did not prolong his length of 
life remarkably, for he died in his forty-eighth year. He was the 
founder of chemotherapy and taught tlie use of sulfur, lead, mercury, 
antimony, iron, and other metals in therapeutics. He is regarded 
as an erratic genius who exercised the most profound revolutionary 
influence upon medicine and pharmacy of any man in history, 
Until his time, the causes of diseases had been ascribed to many 
sources; Paracelsus believed that they were due to natural causes 
and advocated a return to the teachings of Hippocrates. 
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Andreas Vesalius (1514-1564), as a boy in Belgium, displayed a 
passion for dissecting rats, mice, and other animals. He studied 
medicine in Paris, concentrating upon anatomy, and discovered 
errors in the teachings of Galen. He later taught surgery and anat¬ 
omy at Padua and in 1543, against the advice of friends, published 
his studies in which he pointed out the errors of Galen. This 
brought him much glory as well as protests sufficiently vigorous to 
cause him to leave Padua. He then spent years as court physician 
to Charles V and Philip II. Vesalius was preeminently an anato¬ 
mist. His work aroused much opposition, and denunciation by his 
former teacher duBois (Sylvius), but it had a profound influence 
upon the progress of surgery and medicine.^ 

Pare (1517-1590) was a French barber-surgeon. At the age of 
nineteen he became an army surgeon and liad the opportunity to 
gain much knowledge about anatomy and surgery. His pleasing 
p(TsonaUty and genius for surgery brought him great honor. He 
discredited the therapeutic value of comminuted mummies and uni¬ 
corn horns before the faculty of the University of Paris and ration¬ 
alized the treatment of \Nounds, especially those received in battle. 
He was influential in causing surgery to be placed in the hands of 
persons trained for this work. Many of the surgical practices of 
today originated with Par6. 

The accomplishments of these men would indicate much progress 
in their respective fields. In order that students may not receive 
the wrong impression concerning the real situation with respect to 
medicine during the Renaissance the following statement from Hag¬ 
gard is cited : 

In considering only such men as Paracelsus, Vesalius, and l'cir6, one 
obtains a false impression of the virtues of Renaissiuice medicine; these 
men stood almost alone, 'they are not representative of the medicine of 
the time. The practice was in the hands of those whose medical knowledge 
was little better than that of the rude empirics of the middle ages. Even 
the wealthy were treated by physicians w^ho made diagnoses by inspection 
of urine, by astrological observations, or by palmistry, and who prescribed 
according to ritual and placed great hope in amulets and cbirms. Surgery 
was in the hands of barl>ers and executioners or in those of mountebanks and 

^ Seelig. Op. ciL 
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vagabonds who moved from town to town to escape the consequences of 
their act«.' 

Pharmacy had held a respected position in the field of medicine 
long before the Renaissance. While the concepts of sicknesses and 
of the causes of diseases were changing, the materia medica, espi'- 
cially as it might apply to home medication, remained fairly con¬ 
stant. Changing theories did not result in new drugs, as is often 
the case today. New combinations of remedies might be called for, 
or perhaps the usefulness of certain remedies questioned, or the use 
of old and tried remedies justifu^d. Paracelsus advan(*ed chemo¬ 
therapy by introducing chemicals for internal medication and sought 
new and better \\a>s for preparing liis quintessences, which were 
tinctures or liquid extracts containing the essential virtues of the 
extracted drugs. This was in line w ith his th(H)r> that disease is due 
to a disturbed condition of the chemistry of the lx>dy; this condition, 
he said, can be corrected b> the wise use of the proper chemicals. 
This appears to be good reasoning, but mindi of its force was lost 
because Paracelsus held to the belief, common in his day, that a 
mysterious force, or vital principle, dominated the functions of life. 
It was an act of heresy for Paracelsus to discard the feeble herbal 
medicaments of Galen and to advocate the therapeutic use of such 
\iolent substances as mercury, sulfur, and other chemicals. The 
fact that he escaped punishment gave courage to other independent 
thinkers in the field of medicine. It was also a part of the revival of 
the scientific spirit, a movement that stimulated the idea of research, 
the seeking for facts. 

The reformation in medicine was, in part at least, a revolt against 
the teachings of (ialen and the Arabian scholars. While many 
advances stimulated progress in surgery, the changes in other fields 
of medicine were negligible, with the exception of internal medicine, 
which was improved through the influence of Paracelsus. The prog¬ 
ress made during the Renaissance paved the way for the advances 
that followed in the sixteenth and seventeenth centuries. 

The Development ol Pharmacy in Italy. The duties of phy¬ 
sicians and apothecaries in Venice were prescribed in a regulation 


^ Haggard. Op. eit. 
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in 1258. However, the profession of pharmacy and the apothecary 
shops existed long before there were laws enacted to regulate them. 
The drug trade, both wholesale and retail, was in the hands of the 
speziarii and aromatarii. 

There were guildlike associations in ancient Rome founded for 
social, relief, military, and possibly educational purposes. During 
the Middle Ages in Italy there were numerous guilds of merchants 
and craftsmen serving many purposes, chiefly political. In order 
to be a citizen, eligible for public office in certain cities, it was 
necessary to be a member of some guild. Many famous men, 
among them Dante, became members of the guild of physicians and 
apothecaries. 

In the fourteenth century the number of apothecaries and whole¬ 
salers of drugs and spices was large. In 1319, one of the guild 
statutes mentioned 206 articles as being a monopoly of the guild of 
apothecaries or spicers.^ From all accounts, membership in the 
guild of apothecaries had considerable significance. The shops were 
inspect(‘d at least once a year, and persons found guilty of selling 
substandard drugs were punished by being deprived of their right 
to practice their profession for a stated period of time. There was, 
of course, variation in the regulations pertaining to the profession of 
the apothecary from city to city in Italy and the other countries of 
Europe. One of the regulations, often mentioned, was that the 
apothecary was forbidden to give the physician a portion of the 
proiits from the prescriptions written by him. 

In Italy, pharmacy and the profession of the apothecary were 
held in high esteem previous to, during, and following the Middle 
Ages and the Renaissance. This has continued to the present time. 
In the Italian army of today pharmacists hold commissions, the 
lowest being that of second lieutenant and the highest that of colonel. 

The expanding Italian trade in drugs and spices stimulated the 
search for an all-water route to the Orient. This led to the dis¬ 
covery of America in 1192 and to the dec line of Italian domination 
of the trade routes of the w^orld, especially those pertaining to drugs 
and spices. 

A statute of the sixteenth century stated that an apothecary was 

' Kretiiers and Urdaug. Op, cit. 
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required to serve as an apprentice for 5 years and as clerk for 3 more 
years and then to pass an examination before being permitted to 
operate a shop of his own. Compare these requirements, which 
were in force for a long period, with those of the United States 
enacted a few decades ago. The numbc*r of pharmacies was limited 
to 1 for each 5,000 inhabitants in certain cities, although this ratio 
varied from city to cit>. All such restrictions in Italy were removed 
in 1888, to be reestablished in 1913. The standards for the practice 
of pharmac\ in Italy have been high for centuries and continue to 
be so, although the number of outstanding Italian pharmaceutical 
sc ientists has not been great. In this respect, Italy cannot lx? com¬ 
pared with France or Germany. 

Italy should be credited for many advances in Kuropean phar¬ 
macy. The “Ricettario fiorentino,'’ the first pharmacopoeia of 
Europe, made its appearance in 1198. It was corripiled by phy¬ 
sicians with the help of pharmacists and was mad(‘ offic ial in Flor¬ 
ence. The first botanic'al garden, the first institution to ofler ac’a- 
demic instruction in pharmacognosy, and the first profcissional 
apothecary shop were established in Italy. The records indicate 
that a series of city-state pfiarmaco|X)eias followc'd the appc‘arancc‘ 
of the first one mentioned above. The first Italian pharmac*ofM)C‘ia 
was published in 1892.^ 

Pharmacy in France. In France the guilds were prof(‘ssional 
organizations and were not of a political charac ter as in Italy. In 
addition to self-regulation through the guilds, pharmacy was sub¬ 
ject to both state and local authority. The first of the guilds 
appeared in 1270. In 1281 the apothecaries established a hcnul- 
quarters building in Dijon. In the fourtc^enth century the control 
of weights and balances was entrusted to the association of apothe¬ 
caries and Spicers. They disputed among themselves, and in 1181 
the spicers were forbidden to practice pharmacy. It was reccvg- 
nized at that time that the compounder of prescriptions is a scientist 
and possesses a knowledge of drugs. While the spicers were no 
longer permitted to practice pharmacy, the apothecaries could still 
pursue the profession of the spicer and were later required to pass a 
spicer s examination. This brought the spicers and apothecaries 

» Ibid. 
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tof^etfier again for a time, but in 1777 w hen the guild of the apothe¬ 
caries became the College of Pharmacy the separation of the two 
callings ended a quarrelsome union. 

There were many guilds in France, and these made it possible for 
the profession to maintain high standards. Requirements for 
entrance to the profession were rigidly enforced. One apprentice 
was permitted for each pharmacy, and the number of shops was 
limited by statute or other means. The apprentice or his family 
was required to pav a considerable sum for the privilege of learning 
the profession. It was often a question whether the apprentice and 
his family would have enough money to purchase a pharmacy when 
the time arrived to op<*n an establishment. 

Apprentices had to pass difficult examinations in spite of the fact 
that the profession was often a family affair. ?.c., sons or nephews 
followed their father’s or uik Ic’s business. The term of apprentice¬ 
ship varied from 6 to 16 years. 

The professions of inedicim^ and pharmacy wen‘ at enmity for cen¬ 
turies in Fraru'c. Never!lawless, pharmacy progressed and became 
a respected profession there. Academic studies were re<|uired of 
the apprentices of pharmacy, in addition to attendance at opK'u 
lectures pertaining to the practice of pharmacy. In 1675 a chair 
of pharmaceutical chemistry was created at Montpellier. In the 
century that followed there were several famous pharmaceutical 
clu'inists in France, among whom were Rouelle and Baume. 

In 1797 a free school of pharmacy was set up in France. At the 
same time the first French journal of pharmacy appeared and was 
entitled ^Journal de la Sociele des Pharmaciens de Paris. This was 
consolidated with Annales de chimie 2 years later. Other journals 
of pharmacy and societies appt'ariKl later, among the latter being 
the SocietA de Pharmacie, organized in 1803. 

During the^e years the apothecary shops improved in appt'arance 
and bi^came more attractive, often being decorated with beautiful 
pots and jars. French pharmaceiilical chemists made many inter¬ 
esting and important discoveries in the early part of the nineteenth 
century. These discoveries did much to advance the sciences of 
pharmacy and plant chemistry. 

A few of the important French scientists and their discoveries are 
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given here. Derosne (1780-1846) reported a principinm somniferum, 
a mixture of morphine and narrotine, in opium in 1803; SertOrner 
(1783-1841) discovered morphine in 1806; Cavenlou (1795-1877) 
and Pelletier (1788-1842) together discovered strychnine in 1818 
and quinine in 1820 ; Courtois (1777-1838) found iodine in the ashes 
of seaweed in 1811; Balard (1802-1876) discovered bromine in 1826. 
These and many other famous French pharmacists owed their 
success to the training that they obtained in the practici* of 
pharmacy. 

The French produced a fine pharmaceutical literature in the form 
of textbooks, pharmacopoeias, and commentaries. The oldest phar¬ 
maceutical journal in the world still published is the Bnlleiin de 
pharmacie, first published in 1809. It is now called the Journal de 
pharmacie el de chimie and is both professional and scientific. 

In France, as in Germany, there were many city pharmacop<Mdas, 
the most famous being those of Paris, Lille, Bordeaux, and Lyons. 
In addition, there were important and widely used pliarmacopoeias 
written by famous Frencli pharmacists. Among these should Ixi 
mentioned the “Pharmacopee royale” by ("haras, the “Pliarma- 
cop6e universelle” by Lemery, and the “Elements de pharmacie*’ 
by Baume. The first French pharmacopof»ia appeared in 1818 
under the title “Codex medicamentarius seu pharmacopoeia (Jal- 
lica.’*^ Its use was made obligatory for the whole of France, and it 
was adopted by many other countries of the world. It has gone 
through several revisions, the most recent being the sixth, in two 
volumes, issued in 1937. 

Many French apothecaries have been among our mast distin¬ 
guished scientists. It is reported that 13 apfjthecaries were mem¬ 
bers of the French Academy prior to 1803, and a number are now 
members of the French Academy of Medicine. French pharmacists 
have rendered distinguished service in the army in their professional 
capacity and attained the rank of apolhicaire-major giniruL 

French pharmacists have contributed much to the development 
of the pharmaceutical industry in their own country. The profes¬ 
sion of pharmacy as a whole is greatly indebted to a long line of 
distinguished scientists, soldiers, writers, apothecaries, and states¬ 
men who were Frenchmen. 
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Pharmacy in Germany. The practice of pharmacy in Ger¬ 
many has always been regulated by the government and has never 
been self-governing as in Italy and France. During the Middle 
Ages apothecaries were too few to organize a guild of their own, but 
they often belonged to other guilds and were allowed to hold oflBce. 
Germany granted them special privileges that gave them a monop¬ 
oly of the sale and manufacture of drugs and medicinals and exclu¬ 
sive rights to practice pharmacy in specified cities. The right to 
open a new pharmacy was dependent upon a so-called “concession.” 
This led to governmental control in the matter of opening new 
pharmacies and limited the number according to the population in 
a given district. In modern times, far from having a drugstore on 
every corner, Germany has had one pharmacy for about 8,000 per¬ 
sons. This means that pharmacy has been able to maintain itself 
as a profession in Germany. In some sections the pharmacy ^^as 
handed do>Mi from father to son, provided that the son met all the 
qualifications. In others the shop was neither hereditary nor trans¬ 
ferable. In some (ierman states the pharmacies were the property 
of the state and were operated by lease to pharmacists. State 
pharmacies were known in Germany as early as the thirteenth 
century. 

The government, in granting concessions to pharmacists, expected 
them to serve the public welfare. Since it was not always possible 
to maintain a profitable business from the sale of drugs alone, cer¬ 
tain goods such as spices, tobacco, and coffee were sold by phar¬ 
macies exclusively and were forbidden to be sold by the general 
trade. In time such monopolistic rights were more and more 
restricted to the sale of medicaments only. 

In 1872 an imperial edict removed all unprepared and uninixed 
drugs from monopoly by pharmacists, excepting those which were 
considered to be very potent. Cosmetics, dietetic materials, and 
prophylactics were also removed from the monopoly. This action 
led to the development of a distinct class of shops, known as Dro- 
gerien. The operators of these shops have wanted in recent years 
to be recognized as second-class piiarmacLsts. 

For several centuries in Germany those who sought to practice 
pharmacy have had to meet rigid educational and apprenticeship 
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requirements. These were sufTiciently high in the eighteenth cen¬ 
tury, and even later, to permit (ierman apothecaries to be repre¬ 
sented in the scientific professions. As universities grew, in order 
to qualify as a first-class pharmacist the candidate was required to 
attend lectures at the university upon the subjects of chemistry, 
botany, pharmaceutical preparations, and related topics and to 
serve 7 years as a clerk, following an apprenticeship. Second-<dass 
pharmacists were not ivqiiired to pursue such extensive studies but 
had to serve long periods of apprenticeship and clerkship and then 
pass an examination given by the lo<"al medical iK^ard. 

The educational requirements, regulations coiu'erning professional 
experience, and examinations for (jernian pharmacists arc still on 
a high level and perhaps are more exacting than those of oth(*r coun¬ 
tries. First-class pharmacies are inspec ted by a medical oflicau*. 
Second-class pharmacii's are inspec ted by persons appointc'd within 
the profession. 

The German apothecary is a rc^prvsentalive of the middle class, 
usually well to do and respc'cted. In timers past, hc' was the* scien¬ 
tist of his community. Apolh(‘c*aric‘s were not infrt‘C]iicmtl> elcvtcnl 
to the ofTice of mayor, senator, or deputy. The (ierman pharmacy 
is a place of dignity and distinction and reprcvscuits culture that is 
lost to the American pharmacy. 

Germany has given us the richc‘st pharmaceutical literature in 
existence. Numerous city and state pharrnacopcKuas appearc'd in 
Germany following the publication of the “Pharmacop<x‘ia Augus- 
tana” in 1564. This book listcjd about 1,100 medicinal agents. 
The “ Pharmacop(X?ia Wirtenbergicaof 1711 contained 1,952 dif¬ 
ferent medicaments and was reputed to bc' one of the bc‘st pharma¬ 
copoeias of its day. Most of the many German pharmacopoeias 
went through several editions, revisions, and changers. There were 
also many commentaricjs upon certain of the pharmacopoeias. It 
was not until 1872, following the political unificration of Germany, 
that the first pharmacopoeia of the empire appeared under the title 
“Pharmacopoeia Germanica.” This text has bc'en revised from 
time to time, the latest revision to date having appeared in 1926. 
Good accounts of the pharmacopoeias of Germany and of other 
countries as well are to be found in “Plantes officinales” by Bruntz 
and Jaloux (1918) and “Die Arzneibiicher” by Falck (1920). 
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Thus pharmacy iii (icrmany acquired the status of both a profes¬ 
sion and a science. It ^^ave expression to its progress and accom¬ 
plishments through journals as w(‘ll as through books. The first 
pharmaceutical journal was founded by (loettling in 1780. It was 
entitled Almanack oder Taschenbuch fiir Scheidekuenstler and 
Apotheker, Many oth(‘r journals of pharmacy appeared in Germany 
within the next halfeentury. One of the Ixdter ones, which has 
survived through various mergers and which dates back more than 
a century, is Archiv der Phannazie. Annalen der Ch^mie, commonly 
referred to as Liebig's Annalen, was originally Annalen der Pharmazie 
and later carried the title Annalen der Chernie and Pharmazie, 
Aft<T Liebig's death the words and Pharmazie were dropped from 
the title. Manv of th<‘se journals were organs of societies or asso¬ 
ciations. There were also s<‘veral indepiuident journals devoted to 
the cause of pharmac y that have come dow n to the present. Among 
them wxe Pharmazeuiisvhe Zeniralhalle, founded in 1859, and P/wrma- 
zeutische Zeitimg, founded in 1856. 

There has In'en scimel^ one branch of natural science which has not 
lM*en promoted ver> definitelv h\ (ierinan pharmacists. The rapid devel¬ 
opment <»f scientific and industrial chemistry starting at the end of the 
eighteenth centur> is doubtless to a great extent due to the noble evolution 
of French and German pharmacists in just this field of science.^ 

However, the Second World War has changed the picture, and in 
time we will know how^ well pharmacy in Germany has maintained 
itself. 

Pharmacy in England. During the latter pail of the Middle 
Ages in England there were three groups interested ir* drugs, 
viz,, the physicians, apotluH^aries and drug merchants. In time 
dissensions arose among these groups, and as a result there developed 
a fourth group, that of the pharmacists. It should be borne in 
mind that the pharmacists as a class gave us the Pharmaceutical 
Society of Great Britain (1841) and the American Pharmaceutical 
Association (1852) as we know them today. 

Prior to 1511 anyone could practice mcKiicine in England, and 
quacks of all kinds set themselves up as medical practitioners. 
Meanwhile medical schools were established at Oxford and Cam- 

1 Ibid, 
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bridge, and these ofTered training for the reputable physician. In 
order that the bona fide physician might be distinguished from his 
quack competitor, the first Medical Act was passed in 1511. By 
this act only approved physicians could practice medicine within 7 
miles of London. These accredited physicians founded the College 
of Physicians in 1518 and assumed the right to inspiH't the shops 
of the apothecaries, with the power to destroy drugs and prepara¬ 
tions that were considered inferior or adulterated. In 1540 the 
practice of surgery was protected by law. It seems, however, that 
the surgeons abused the power granted to them, and in 1512 an act 
was passed that permitted anyone to practice medicine gratuitously. 
The apothecaries took advantage of this situation by making no 
charge for medical services but charging for the drugs and medic ines 
that were considered necessary in treating the patient. Perhaps 
this was the beginning of the much-discusvsed probl(»m of counter 
prescribing with which we still have to contend. In 1721 the 
apothecaries were granted the right to practice medicine on the 
same basis as physicians. 

The apothecary, as early as 1290, supplied drugs and medicines 
to the royal households in England. Not onl> were the apothe¬ 
caries subject to inspection by physicians, but they had guilds with 
which to contend. In early England the trade in drugs and spices 
was carried on by a class of merchants called mercers. In 1180 the 
(iuild of Pepperers, which specialized in drugs, was organized. The 
apothecaries were associated with them but were not allowed 
professional status. I n 1428 the Guild of Pepperers and the Guild 
of Spicers united, in form the Company of G rocers, which was given 
official status by being gra nted a charter .^ The apothecaries were 
displeased with their lot, that of being aSvSociated with the grocers 
and subject to the discipline of the guild, and finally, in 1617, 
formed a separate guild know^n as the Society of Apothecaries. 
Many studied surgery and medicine and became members of the 
Surgeons’ Company. In 1815 the Apothecaries’ Act granted the 
society the right to issue licenses to practice medicine in England and 
Wales and to control the practice. Thus arose the general practi¬ 
tioner of medicine and surgery. 

The grocers and pepperers who had spci^ialized in drugs prior to 
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the organization of the Society of Apothecaries continued as 
druggists or dealers in drugs but were prohibited from keeping an 
apothecary’s shop. In 1623 the Society of Apothecaries founded 
a dispensary for the purpose of making preparations for its own 
members. This part of the business expanded rapidly and became 
a source of supply for the drug-trade industry. 

The fact that the apothecaries were grant€‘d the right to practice 
medicine gratuitously led to jealousy and disputes on the part of 
the younger physicians. In 1697 the physicians attached a dis¬ 
pensary to the College of Ph>sicians, where prescriptions were 
dispensed at cost. This was in competition with the free inedical 
service of the apothecaries and was sufficiently successful to lead to 
the opening of a second dispensary. The business of the apothe¬ 
caries was so greatly reduced that they tried to reach an agreement 
w ith the physicians. The outcome was that the dispensing assistant 
appeared on the scera^ as supplier of drugs and medicines. He 
later became known as a dispensing chemisi, a chemist^ or a phar- 
rnacentical chemist and is considered to be the predecessor of the 
present-da> pharmacist. 

Duri ng the sixteenth century th(^c were many disput(^ among 
the apojLhec*aries^ physicians, and chemists and druggists. The 
position of the apothecaries became weaker, while that oTfhe two 
latter groups became stronger. In the struggle the chemists and 
druggists had no association to do battle for them, although they 
usually had the support of physicians. The apothecary had 
neglected pharmacy for the practice of medicine. The issue came 
to a crisis in 1841, and the Pliarmaceutical Society of Great Britain 
was founded. Provision was made at once for the education and 
examination of chemists and druggists who sought to practice 
pharmacy. This was designed to place the pharmacists above 
reproach with respect to their qualilications to practice pharmacy. 

If time and space permitted the review of the development of 
pharmacy in England up to 18tl, it wwild be clear that the apothe¬ 
caries aspired to bet'ome medical practitioners because of the odium 
which rested upon pharmacy as a trade. The apothet'aries became 
medical attendants for their communities. In fact, they were 
medical practitioners and were not apothecaries in practice. Mean- 
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while druggists and chemists grew in number and importance and 
gave rise to the founding of the Pharmaceutical Society of Great 
Britain, which became a corporate body in 1813 with power to 
regulate the education and admission of its members. Later, 
boards were set up to examine and grant certificates to those who 
qualified as pharmaceutical chemists. In time all members of the 
profession were required to be registered. As time went on, th(‘n* 
were many acts and amendments that gave increased power and 
authority to the society over affairs n'lating to pharmacy. Tin* 
Pharmacy Act of 1933 has been called the Magna ('harta of British 
pharmacy. This act made every registered pharmacist a member 
of the society. 

While the practicing pharmacist in England and America can 
trace his lineage back through chemists, disp<*nsing assistants, 
and drug merchants, “the medical practitioner of today is the liru^al 
desc*endant of the apothecary of the sev(‘nt(*<Mith century. 

At the time of the organization of the Pharrnac'eiitica! Society 
of Great Britain, the Pharmaceutical Journal was found(*d and a 
School of Pharmacy established. In 1812 Prof. Redv^ood was 
apprnnted to the chair of pharmacy and fill(*d this position with 
distinction until he resigiu'd in 1885. Prior to this time there were 
no facilities for pharmaceutical education except by apprentic eship. 
In the year following the first course of Ic^c tures at the college, a 
laboratory was set up for practical instruction in chemistry. The 
curriculum and the laboratory facilili(*s were revisc^d and improved 
from time to time to meet the demands made upon them. In 1900 
laboratoric?s were provided for pharmaceutical research. In 1925 
research was extended to cover problems of biochemistry and 
pharmacology. The school is now known as the College of the 
Pharmaceutical Society of Great Britain and is a part of the College 
of London University. 

The pharmacopoeias of Great Britain, which profoundly 
influenced the pra^Tice of medicine and pharmacy of the American 
colonies, were those of London, Edinburgh, and Dublin. The 
first edition of the ‘‘London Pharmacopoeia” appeared in 1618, 

1 C. Wall. *‘The London Apothecaries, Their Society and Their Hall,** 
Apothecary Hall, London, 1932. 
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the first “ F^dinburgh Pharmacopoeia” in 1699, and the first “ Dublin 
Pharmacopoeia” in 1807. The first “British Pharmacopoeia” 
(B.P.) appeared in 1861, many years after the first “Pharmacopoeia 
of the 1 nited States of America” (1820). With the first “British 
Pharmacopoeia” tluTe appeared the book “A Companion to the 
British Pharmacopoeia.” This was a useful guide for physicians. 
Dispensatories also were published indepc^ndent of any connection 
with the society, but these were not very popular, except for one, 
ri:,, “Quincey’s New Knglish Dispensatory,” which went througli 
several editions. The iatt^st revision of the “British Pharma- 
copo(Ma” appi'ared in 1982. Formularies that supplement it are 
the “British Pharmaceutical C.odex” (B.P.C.), published by the 
authority of the Pharmaceutical Society of Great Britain, and the 
“Kxtra Pharmacopoeia” (K.P.). 

The number of scientists who have come from the ranks of 
pharmacy in (in^at Britain is not large. Prior to the founding of 
the Pharmaceutical Soc'ietv the l^nglish apothecaries were practicing 
medicine. The grc'at (‘hemistis of Kngland were not pharmacists as 
they were in France <md (iermany.^ 

The wholesale and pharmaceutical manufacturing industru*s 
be('am(» well established in Kngland. The story of the house of 
Allen and llanburys is interestingly told in “Plough G.oiirt” (1927), 
a book issued by the hoUvse. A younger firm, that of Burroughs, 
Wellcome & ("o., is at this time one of the largest in Ihigland and 
kiH)wn all ovcT the world. Henry Wellcome, one of the founders, 
was an American who became a naturalized Knglishinan. 

Pharmacy in the Knited States. Most of the physicians who 
came to America with the early settlers were from Knglaiid. We 
have learned that in Fhigland the medical practitioners were often 
apothecaries who not only diagnosed and prescribed but often 
dispensed their own medicines. This custom had certain advan¬ 
tages in a pioneer world, for it was difiicult to obtain the services of 
a physician in the early days in America except in the larger com¬ 
munities. Household remedies were widely used. There were 
persons who gathered and sold herbs and others who could cup and 

* J. W. Cooper. ‘'Initial Pharmacy,** Sir Isaac Pitman & Sons, Ltd., l^ondon, 
3d ed., 1941, Chap. I. 
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bleed and perhaps also pull aching teeth. Preachers who traveled 
on horseback to towns and villages usually carried a limited supply 
of medicaments in their saddlebags and cared not only for the 
spiritual but for the physical needs of the people. Many of them 
were, in fact, physicians as well as ministers. There were mid wives 
for confinements and there vs as much neighborly nursing in times of 
illness. 

The early physicians in America, being apothecaries also, imported 
the needed medical supplies from London. There were apothecary 
shops with interesting signs, such as the Pestle and Mortar, L nicorn, 
and Dove. Many an early stock of medicine was supplemented 
with paints, glass, glue, and dried fruits. 

As time went on, medicine and pharmacy became separated. 
The dispenser of drugs and medicine was called a pharmaceulisf. 
Some time after 1870 the name was changed to pharmacist, the 
latter term being in wide use today. 

National-^roiip Influences in Early America, The early colonists 
along the eastern seaboard were dominantly English, but there were 
other influences that made profound impressions upon the young 
nation. Spanish influence was marked in Florida, Texas, and 
California. The French were influential along the St. Lawrence 
River, near the Great Lakes, in Illinois, and along the Mississippi 
as far south as Louisiana. The domination of the Dutch was 
confined to the New York City area. The Swedish prestige was 
felt in Delaware and that of the Germans in and near Philadelphia. 
If space were available, it would be interesting to enlarge upon the 
contributions that each of the national groups made to the develop¬ 
ment of pharmacy and medicine in the United States. 

Medicine and Pharmacy of the Pioneers. The pioneers of America 
had to endure the hardships of primitive conditions. This was 
especially true with respect to medical services. It has been stated 
that “medicine was promulgated for the first hundred years of 
colonial America, by three types of individuals: the governors, the 
churchmen, and the educators.”^ Much in the way of medical care 
and nursing was left to the housewife. Even today every wife and 
mother serves as a sympathetic nurse and dietitian to the sick 
1 Kremers and Urdang. Op. eii. 
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members of her household. She can get help and advice from many 
sources, however; this was not the case with those who pioneered. 

The early settlers of America were, without doubt, a hardy group 
and were able to do without much in the way of service from doctors 
and pharmacists. The pioneer physician sometimes resorted to 
other occupations for a livelihood, doctors and pharmacists often 
being theologians. The itinerant preacher and missionary was 
frequently the physician-pharmacist, not only to the settlers, but to 
the Indians. 

It was only natural that the medical practices of the New World 
should reflect those of the Old World. Thus there persisted much 
of the old European credulity and superstition concerning the action 
and use of drugs, reinforced by what was derived from the Indians. 
This has been dispelled all too slowly, some part of it affecting the 
mind of the public even today. Moreover, ignorance resulted in the 
adulteration of drugs used in medicines. Incapable of selecting 
drugs of quality, practitioners often chose inferior drugs because 
they were offered at lower prices. This was serious, in view of the 
fact t hat so much faith w as placed in the efficacy of drugs as curative 
agents, and dangerous drugs were at times sold unintentionally. 

Physicians in the early days in America usually had one or more 
apprentices serving them. They became proficient in the use of the 
mortar and pestle and experienced in the making of powders, 
extracts, tinctures, pills, and plasters. Every physician had an 
eMablishment where these useful medicinals were made and some¬ 
times offered for sale. 

The apprentices usually served the doctors, at rather poor pay, 
for five years or more and then established themselves as physicians, 
for those who practiced medicine were not subject to regulation or 
license. This lack of regulation and license both for medicine and 
pharmacy prevailed all too long in the United States. Medicine 
has become a strong, well-organized profession within the past 
forty-five years. Pharmacy, within the same period, has made 
appreciable gains but is still not a strong professioned body compared 
with its sister professions of medicine, dentistry, and nursing. 

The Separation of Pharmacy from Medicine. The separation of 
the practice of pharmacy from that of medicine came about grad- 
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ually and was not the result of an edict or a law on the part of the 
state. The first apothecary shops in America were the dispensaries 
of medical practitioners, and it was only in these that the men 
who intended to practice pharmacy were able to learn their pro¬ 
fession. This situation persisted until a little over a century ago. 

The man who is given most credit for effecting the separation of 
pharmacy from medicine in this country is Dr. John Morgan. He 
completed his medical education abroad, where he learned that the 
two professions could exist separately to the mutual benefit of both. 
He determined, as a physician, never to dispense medicines but only 
to write prescriptions. Upon his return to America be brought witli 
him an English apothecary by the name of Leighton, who set up a 
prescription shop in Philadelphia. It was well slocked with drugs 
from London and, so far as is known, was among the first of its kind 
in America. 

Dr. Morgan, as early as 1765, held the view that the business of 
pharmacy is essentially different from that of the physician and the 
surgeon and that no one man should be physician, surgeon, and 
apothecary. Morgan’s contemporaries, however, did not approve 
of his opinions, and it was not until the end of the eighteenth 
century that the writing of prescriptions by physicians and the 
compounding of them by pharmacists became the accepted practice. 
Pharmacy in America is, therefore, not an old profession. This 
should inspire hope for better days to come and encourage us to 
elevate pharmacy to the level of a profession and maintain it 
independently as such. 

The Oldest Pharmacies in the United Stales. It may be of interest 
to list a few of the first pharmacies in the United States as taken 
from “Early History of Pharmacy in America.”' They are as 
follows: 

1729 Christopher Marshall, apothecary shop of the Golden Ball, Chestnut 
and 2d St., Philadelphia. 

1752 First pharn]ac> in Bethlehem, Pa. 

1786 Carl Heinrich HeiniU'h, Lancaster, Pa. 

1791 W. L. Bond, Fredericksburg, Va., the oldest pharmacy in Virginia. 

*0. Baubenheimer. “Early History of Pharmacy in America,“ Medical 
Life 33 (No. 2) (February, 1926). 
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1792 Stabler-Leadbeater Pharmacy, Alexandria, Va. 

1796 Frederick Miller, apothecary shop of the Golden Mortar, the first 
pharmacy in Waaliin^?ton, D. C. 

1800 First pharmacy in Middleto^vn, Conn. 

1802 First pharmacy in Poughkeepsie, N.Y. 

1806 Dr. J. Peck, first pharmacy in Burlington, Vt. 

This is not a complete list but is olfered to acquaint the student 
with the daU^s when the pharmacies, as we know them, became 
established in this country. The Stabler-Leadbeater Pharmacy at 
Alexandria, Va., has been restored and preserved as the property of 
the American Pharmaceutical Association and is an interesting 
historical landmark. The corner drugstore is a comparatively 
recent institution, one that ow^es its existence, perhaps, to the 
merchandising of a variety of commercial items made available to 
evening shoppers because of the late closing hours of the average 
pharmacy. 

Pharmaceutical Education. According to Kremers and Urdang,^ 
the first course of lectures on theoretical and practical pharmacy 
was offered by James Cutbush in 1812. Four years later Dr. 
James Mease, a Philadelphia physician, made an effort to give 
instruction to pharmacists, but without success. In those days 
pharmacy was looked upon as an art to be learned by serving an 
apprenticeship to one skilled in the art, and there were no laws that 
rc^quired attendance at lectures on the subjects of pharmacy, 
chemistry, materia medica, etc. 

In 1821 the Philadelphia College of Apothecaries was organized 
and at once became a teaching institution offering evening coui'ses in 
chemistry, botany, and materia medica for the benefit of the 
apprentices in Philadelphia. There is evidence that this organiza¬ 
tion was initiated by a group of Philadelphia apothecaries who 
resented the action of the I niversity of Pennsylvania by which it 
granted the honorary Master of Pharmacy degree to 16 apothecaries 
of the city. The l/iiiversity of Pennsy lvania had stipulated that 
the recipients of these degrees must have served 3 years as appren¬ 
tices, attended two courses of lectures on the subjects of chemistry, 
materia medica, and pharmacy, and passed a satisfactory exami- 


' Op. cit. 
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nation, but it is not clear that these requirements were adhered to 
strictly. 

The apothecaries of Philadelphia proposed to educate its appren¬ 
tices and grant degrees in pharmacy, independent of the medical 
department of the Lniversity of Pennsylvania. The latter institu¬ 
tion discontinued the granting of degrees in pharmacy, and the 
College of Apothecaries established the first college of pharmacy. 
For many years this college was known as the Philadelphia College 
of Pharmacy. Today it is known as the Philadelphia College of 
Pharmacy and Science. 

In these early days the colleges of pharmacy had to depend on the 
medical profession for teachers. Physicians lectured on the sub¬ 
jects of botany, chemistry, materia medica, and pharmacy. Pliai- 
macy was not a major subject of instruction until 1847, when 
William Procter, Jr., was elected to the chair of pharmacy of the 
Philadelphia College of Pharmacy. From this time on, the subject 
of pharmacy held a major position in the curriculums of colleges of 
pharmacy. 

The Massachusetts College of Pharmacy was organized in 1823 
but did not become a teaching institution until 1867. The New 
York College of Pharmacy was founded in 1829 and offered courses 
in pharmacy and related subjects from its inception but was inactive 
from 1857 to 1869. Tulane Lniversity opened a couise in pharmacy 
in 1838 in connection with the medical department. The Maryland 
College of Pharmacy, also a teaching institution, was founded in 
1841 but was inactive from 1817 to 1856. The (ancinnati College 
of Pharmacy was organized in 1850 and the f'hicago College of 
Pharmacy in 1859. The latter was closed at the beginning of the 
Civil War, did not reopen until 1870, and was destroyed by fire in 
1871. In 1864 the St. Louis College of Pharmacy was organized. 

During the years between 1821 and 1864, eight colleges of phar¬ 
macy had come into being. It was clear that the struggle to keep 
them alive would not be easy. They were associations or cor¬ 
porations of local pharmacists who had banded themselves together 
for professional protection and advancement, and teaching was 
but one phase of the purpose for which they had been organized. 

During these same years the country was rapidly settled as 
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emigrants in great numbers migrated to points west of the Allegheny 
Mountains and the Mississippi and even on to California. Many 
states had come into the I’nion, and state governments were devel¬ 
oping to the point of exercising greater local control. State legisla¬ 
tures began to pass laws that placed the practice of pharmacy in the 
hands of members of the profession. State pharmaceutical asso¬ 
ciations first came into being in 1867 and multiplied rapidly in 
number from then on. With the laws came the boards of pharmacy. 
These lines of progress are mentioned b(‘cause they all had a marked 
influence on the development of pharmacy in the United States. 

An innovation in pharmaceutical education was introduced at 
the University of Michigan in 1868, ^^hen a course in pharmacy was 
instituted to meet the need for Ix'tter and more specific training for 
chemists and pharmacists. Onl> those who were apprenticed were 
admitted to the courses of lectures of the older colleges of pharmacy. 
Michigan admitted students and even graduated them as pharma¬ 
cists without any such requirement. This policy was contrary to 
that of the so-called “old-line” colleges and was objected to by them. 
Furthermore, the first class of 23 was graduated at Michigan in 1869 
with the degree of Pharmaceutical Chemist. There was much 
objection to this new degree, but it survived through the years of 
American pharmacy until recently. 

There are man\ interesting points to be noted about this, the 
first course in pharmac> to be offered by a state university. It 
revolutionized the old idea that pharmaceutical education should 
be in the hands of an organization of apothecaries. The Uni¬ 
versity of Michigan was no such organization; yet it dared to train 
men in pharmacy. 

A strong feature of the new curriculum w^as that practical labora¬ 
tory work was offered in prescription compounding and chemical 
analysis. Prior to this time instruction in pharmacy was chiefly 
comprised of lectures, which were supplemented, in later years, by 
demonstrations. Other schools of pharmacy were quick to follow 
the lead of Michigan in offering practical laboratory courses. In 
most schools such courses were at first made optional but later were 
required. 

As state laws were passed, controlling in a measure the practice 
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of pharmacy, the states in turn were obligated to provide suitable 
means of education for prospective pharmacists. Beginning in 
1883, the number of state-supported schools of pharmacy grew 
rapidly, the greater number being in the Central states, although 
such schools were to be found in the South and the far Northwest. 
Significantly, state-supported schools of pharmacy did not app^^ar 
in the East in competition with the established colleges. A few of 
the older schools, however, have become affiliated with state- 
supported universities in recent years. 

In reading the story of the progress of pharmacy one is impress(‘d 
with the significant advances that were made during the last third 
of the nineteenth century. Following the Civil War the country 
grew and expanded in all lines of endeavor. Pharmacy, naturally, 
shared in this expansion. 

Just what was happcuiing to pharmacy is summarized in Table 1. 
Here, in alphabt'tical order, is a list of states. To the right appi'ar 
the years in which these states (1) organized state pharmaceutical 
associations, (2) passed fii'st laws pertaining to pharmacy, and (3) 
organized state-supported schools of pharmacy. 

It will be observed that the formation of the state associations 
usually preceded the passage of a state pharmaceutical law, in 
some cases by a good many years. A number of these associations 
were reorganized at later dates, a few of them more than once. In 
one or two cases, also, the first law was not an all-state law but was 
amended and became such at a later date. Almost without 
exception, the organization of a state school or college of pharmacy 
was preceded by the organization of the association and the passage 
of laws pertaining to pharmacy within the state. 

National Organizations of Pharmacy. The organization of state 
associations in the latter part of the nineteenth century was con¬ 
temporaneous with the organization of a number of national 
associations whose interests were essentially pharmaceutical. The 
first of these organizations was the American Pharmaceutical 
Association, founded in 1852. This was an association of pharma¬ 
cists who saw the necessity for an organization in order to bring 
about improvement in the quality of imported drugs. The United 
States had become the dumping ground for an inferior lot of 



Table 1. Development of Pharmacy in the United States, 1881-1915 



Organization of 

Passage of 

State schools 

Name of state 

state 

first state 

of pharmacy 


associations 

pharmacy laws 

organized 

Alabama 

1881 

1861-1887 

1895 

Arizona 

Arkansas 

1883 

1903 

1947 

Califorma 

1869 

1891 

1872* 

C'olorudo 

1890 

1887 

1911 

Connecticut 

1876 

1881 

1925* 

Delaware 

1887 

1883 


Florida 

1887 

1872 

1923 

Georgia 

1875 

1867 

1901 

Idaho 

1887 

1887 

1920 

Illinois 

1880 

1881 

1859* 

I ndia na 

1882 

1899 

1884 

Iowa 

1880 

1880 

1885 

Kansas 

1880 

1885 

1885 

Kentucky 

1877 

1874-1888 


Louisiana 

1882 

1888 


Maine 

1867 

1877 

1894t 

Maryland 

1882 

1902 

1841* 

Massachusetts 

1882 

1885 


Michigan 

1874 

1885 

1868 

Minnesota 

1883 

1885 

1892 

Mississippi 

1871 

1892 

1908 

Missouri 

1879 

1881 


Montana 

1891 

1895 

1897 

Nebraska 1 

1 1882 

1887 

1901 

Nevada 

1932 

1901 


New llamfishire 

1874 

1875 


New Jersey 

1870 

1877 ■ 

1892* 

New Mexico 

1893 

1889 

1945 

New York 

1879 

1869 


North Carohna 

1880 

1881 

1880 

North Dakota 

1885 

1891 

1901 

Ohio 

1879 

1884 

1885 

Oklahoma 

1890 

1891 

1895 

Oregon 

1890 

1891 

1898 

Pennsylvania 

! 1878 

1887 


Rhode Island 

1 1874 

1871 


South ( arolinat 

' 1872 

1876 

J 1866 
^ 1881* 

South Dakota 

1886 

1890 

1888 

Tennessee 

I 1873 

1893 

1901 

Texas 

1 1879 

1889 

1893 

Utah 

1892 

1894 

1947 

Vermont 

1870 

1894 


Virginia 

1882 

1886 

. 1893* 

Washington t 

1890 

1891 

j 1894 
\1896 

West Virginia 

1870 

1881 

1914 

Wisconsin 

1 1880 

1882 

1883 

Wyoming 

1 1915 

1886 

1946 


* StatD support oame some time after organisation, 
t No longer in eiiistenoe 
t Two state sdliooU. 
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medicinal materials, and the better druggists in and around New 
York City, the principal port of entry, deplored this state of affairs. 
They therefore called a meeting in New York in 1851 in an effort 
to find ways of stopping the entry of questionable drug items. It is 
of interest to note that our first national drug act was passed in 1848 
for the purpose of correcting the import evils which were known to 
exist. Those entrusted with the enforcement of the act were 
negligent in the performance of their duty. This explains, in part 
at least, the reason for the action of the druggists in trying to find 
a way to better conditions. 

Dinring the New York meeting it was suggested that a national, 
rather than a district, organization should be formed. The sugges¬ 
tion was well received, and arrangements were made for the calling 
of an organizational meeting in Philadelphia in 1852, at which the 
American Pharmaceutical Association was instituted. 

The American Pharmaceutical Association has survived more 
than nine decades of American history, and its record is a good one. 
It is the only organization that can speak for pharmacy in a pro¬ 
fessional way, and its officers have done so on many occasions in 
recent years. The association has been housed at the American 
Institute of Pharmacy, at 2215 Constitution Ave., Washington, 
D.C., since 1934. The institute is perhaps better known as the 
Headquarters Building. The building is small but is a credit to any 
profession. Because of the judicious policies of the association, 
both it and the institute are in good standing with the departments 
of government in Washington, which often turn to the pennanent 
secretary for information concerning pharmaceutical matters. It 
is important for students in pharmacy to think in terms of the 
association that represents pharmacy as a profession and to appre¬ 
ciate the value of membership hi such an organization. At present 
scarcely more than 10 per cent of the pharmacists of the country 
belong to the American Pharmaceutical Association, while about 75 
per cent of all physicians hold membership in the American Medical 
Association. We can expect better progress in pharmacy when 
pharmacists become better organu^ed. 

It is not possible here to discuss, even briefly, any of the other 
national associations related to pharmacy. Instead, they will be 



HISTORICAL DEVELOPMENT OF PHARMACY 41 


listed in the order of the dates of their organization. This should 
impress the reader with the fact that the national movement in 
pharmacy that followed the Civil War was a very real one and is 
reflected in the increasing number of associations. 


1870-1883 

1876 

1881 

1883 

1897 

1898 
1900 

1904 

1908 

1910 

1912 

1913 
1915 
1922 
1932 

1940 

1941 

1942 
1942 


First Conference of CoUeges of Pharmacy. 

National Wholesale Druggists' Association. 

The Proprietary Association of America. 

National Retail Druggists' Assfx^iation. 

Association of American Dairy, Food, and Drug Officials. 

National Association of Retail Druggists. 

Conference of Pharmaceutical Faculties (the American Associa¬ 
tion of Colleges of Pharmacy). 

National Association of Boards of Pharmacy. 

American Association of Pharmaceutical Chemists (American 
Pharmaceutical Manufacturers’ Association). 

National Retail Drug Clerks' Association. 

National As.sociation of Manufacturers of Medicinal Products 
(American Drug Manufacturers* Association). 

National Drug Trade Conference. 

Federal Wholesale Druggists* Association. 

National Conference on Pharmaceutical Research. 

American Council on Pharmaceutical Education. 

American College oT Apothecaries. 

American Institute for the History of Pharmacy. 

American Society of Hospital Pharmacists. 

American Foundation for Pharmaceutical Education. 


This list shows a multiplicity of national organizations, all of 
which are anchored to American pharmacy but none of which can 
speak as one voice for it. The National Drug Trade Conference is 
perhaps the nearest to a federation of all these associations that 
pharmacy can claim, but it has not been able to do what needs to be 
done, in a national way, for pharmacy. The fact that many of these 
organizations are outgrowths of the American Pharmaceutical 
Association is indicative of the activity and influence of the parent 
organization. 

In the early years of its existence the American Pharmaceutical 
Association gave much attention to the problems of the colleges of 
pharmacy and their efforts to train pharmacists for a rapidly growing 
country. The endeavors of the association are told in a series of 
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three papers by Kendall and Lee, under the title “C'ollege of 
Pharmacy Associations.”' 

From 1821 to 1868, pharmaceutical education was in the hands of 
the so-called “old-line” colleges of pharmacy. In 1868 the Uni¬ 
versity of Michigan College of Pharmacy offered the first course in 
pharmacy to be given by a state-supported institution. This 
stimulated the educators of the early pharmacy colleges to organize 
the Conference of Schools of Pharmacy. This conference met 
annually from 1870 to 1883 but never became an influential body 
with respect to educational progress. 

During the latter part of the nineteenth century, following the 
lead of the University of Michigan, many state-supported uni¬ 
versities in the Middle West and West established schools and 
colleges of pharmacy. These soon became strong and active, and in 
1900 they organized the American Conference of Pharmaceutical 
Faculties, now known as the American Association of Colleges of 
Pharmacy. This association has zealously fostered the educational 
interests of the profession, and to it should go much of the credit for 
the high educational standards that now prevail in American 
pharmacy. 

The membership of this body is composed of administrators and 
teachers of schools of pharmacy. The association meets annually 
at the time and place of the convention of the American Pharma¬ 
ceutical Association and other pharmaceutical bodies and gives 
consideration to the problems of the curriculums, teaching methods, 
teaching staffs, laboratory and library facilities, and other items 
pertinent to the training of future American pharmacists. 

STUDY QUESTIONS 

1. Is it true that man's desire for health stimulates research? Explain 
your answer. 

2* To what extent was magic a part of the medical practice of the 
ancients? 

3. Explain the demoniac idea of disease. 

4. What is the significance of the Hippocratic oath to the modem 
physician? What does it indicate with respect to the practice of medicine 
in ancient Greece? 

1 Hairy L« Kendall and C. O. Lee. Am. J. Pharm, Education 8, 195-230 
(1944). 
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5. Explain how Rome got on for 600 years without doctors. What 
does this fact reveal concerning the life and customs of the Romans? 

6. What part did the Byzantines play in the history of ancient medicine? 

7. Explain briefly the rise and influence of the Arabs in Asia, Africa, 
and Europe. 

8. Were the Arabs good custodians of ancient learning? Were they 
inventive? Were they literate? Exphiin your answer. 

9. Why did Arabic culture and civilization meet with opposition in 
Europe? 

10. Explain the purpose of the guilds in Italy, France, Germany, and 
England. 

11. To what extent and how was the number of apothecaries limited in 
the several countries in Europe? 

12. When did medicine l)ecome distinct from pharmacy in Italy? 

13. Where and when was the ap(3thecary allowed to practice medicine? 

14. Were the physicians in early America also apothecaries? If so, when 
did the separation of the two professions occur? 

15. When did formal education for pharmacists begin in America ? How 
did it come about? 

16. Name the first 10 early colleges of pharmacy in America and indicate 
which were teaching institutions. 

17. If colleges of pharmacy in early America were not teaching institu¬ 
tions, what were they? 

18. When did pharmacy become a subject to be taught in colleges of 
pharmacy? \\hen was laboratory instruction in pharmacy introduced 
into the curriculums? 

19. What was the significance of the state pharmaceutical laws and of 
the organization of the boards of pharmacy during the latter part of the 
nineteenth century ? 

20. What is the significance of the many national organizations of 
pharmacy ? 
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Chapter 2 


ETHICAL PRINCIPLES FOR THE PROFESSION 
OF PHARMACY 

The skill of an ajK>lhecary is a much nicer and more delicate matter 
than that of any artificer whatever; and the trust which is reposed in 
him is of much greater importance.—Adam Smith. ^ 

Definition of Pharmacy. One of the oldest textbooks on 
American pharmacy offers the following definition of the profession, 
which in a large measure is basically true today: “Pharmacy is the 
science which treats of medicinal substances. It embraces not only 
a knowledge of medicines and the art of preparing and dispensing 
them but also their identification, selection, preservation, com¬ 
bination, analysis, and standardization.”® 

In the revised Guidance Leaflet No. 14 issued by the United 
States Department of the Interior, pharmacy is defined as 

. . . [the] science and art of preparing from crude vegetable, animal and 
mineral substances and chemicals, materials in suitable and convenient 
form for use as drugs; the compounding of drugs; the dispensing of drugs 
and medicines accordhig to prescription; and their distribution in other 
ways . . . [; it] also embraces the collection, identification, preservation, 
analysis, and standardization of drugs and medicines; the synthesis of 
medicinal chemicals; the preparation of biological products. A knowledge 
of the physical, chemical, and biological sciences is, therefore, essential for 
the intelligent practice of pharmacy.* 

On the basis of the above definitions, the modern concept of 
pharmacy may be described by the following statements :**PRarmacy 

is the study and application of the sciences that deal with medicinal 

'I 

‘ “ An Inquiry into the Nature and Causes of the Wealth of Nations.” 

* E. F, Cook and Charles H, La Wall. “Remington's Practice of Pharmacy,” 
J. B. IJppincoit Company, Philadelphia, 8th ed., 1936, p. 1. 

• Reprinted by the American Pharmaceutical Association as revised in 1943. 
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substances. Not only does it comprehend an understanding of 
medicaments, but it also embodies the techniques necessary for 
analysis and synthesis of these substances and for preparing and 
dispensing them in suitable form and with due regard to their 
appearance, identification, selection, preservation, combination, 
standardization, and analyses and syntheses^^dt requires an insight 
into the laws, theories, principles, and applications of bacteri- 
ologflf^ bwany, chemistry, mathematics, pharmacology, pharma¬ 
cognosy, physics, physiology, and zoology. 

It can readily be seen that pharmacy as defined in the preceding 
paragraphs can and should be classified as a profession. This is 
the definite conclusion reached in the report of the Commonwealth 
Committee* after a 2 -year study. ' ’ 

. . . [since] the materials that the pharmacist deals with are in many cases 
80 dangerous in their effects upon physical well-being and the problems that 
face him in handling these materials and his contacts with the public require 
80 much intelligence —if they are properly performed —that it is absolutely 
essential for him to have a rather wide and intimate acquaintance with the 
fundamental sciences upon which the art depends; and since the distinction 
between the trade and profession lies essentially in the fact that the trade 
needs to know only the methods in order to be proficient while the profes¬ 
sion needs to know (in addition) the principles upon which the methods 
depends.’ 

The beginner in the study of pharmacy, therefore, must have a 
clear understanding of ( 1 ) the underlying principles of the profession, 
( 2 ) the aims and purposes of the sciences considered fundamental to 
the study of pharmacy, and ( 3 ) the subjects dealing specially with the 
theories and methods involved in the practice of the profession. 

Official and Nonofficial Standards of the Profession* As 
requisites of the profession the pharmacist should possess the 
latest editions of the '‘Pharmacopoeia of the United States of 
America’’ and its supplements (commonly designated as U.S.P. 

Basle Material for a Pharmaceutical Curriculum,** McGraw-Hill Book 
Coll^MUly, Inc., New York, 1927, p. 13. 

’ Italica by authors. 
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XIII), the “National Formulary” (N.F. VIII), “The Pharma¬ 
ceutical Recipe Book” (R.B. Ill), “New and NonofBcial Remedies” 
(N.N.R.), end “Accepted Dental Remedies” (A.D.R.). These 
publications enable him to compound excellent preparations of 
established medicinal value and to distinguish ethical ones from the 
many products that are marketed purely for commercial gain. 

The Pharmacopoeia and the National Formulary are authorita¬ 
tive sources of information that the pharmacist should consult 
freely concerning drugs, chemicals, and preparations and their 
composition, purity, tests for identification and impurities, methods 
of standardization, and average doses. Because of the services 
rendered by these two books in supplying standards for medicinal 
products, they have served as legal standards since the enactment of 
the first Federal Food and Drugs Law (1906) and are recognized as 
having a definite legal authority, also under the Federal Food, Drug, 
and Cosmetic Act of 1938. 

“The Pharmaceutical Recipe Book,” a reliable work published 
by the American Pharmaceutical Association, oiTers to the enter¬ 
prising pharmacist interested in developing profitable professional 
side lines a large variety of tested formulas as well as other valuable 
information. 

“New and NonofBcial Remedies,” a publication revised annually 
by the Council on Pharmacy and Chemistry of the American Medi¬ 
cal Association, presents standards for new drugs, chemicals, and 
their proprietary products that have been proved of clinical value 
but which are not necessarily official in the Pharmacopoeia and the 
National Formulary. 

“Accepted Dental Remedies,” also revised annually, is published 
by the Council on Dental Therapeutics of the American Dental 
Association and serves as a guide for the dentist in the choice of 
drugs for his daily practice. 

Importance of Professional Publications. Libby has stated 
that 

‘ . . very little advance in culture could be made, even by the greatest 
man of genius, if he were dependent for what knowledge he might acquire 
upon his own personal observations. Indeed, it might be said that excep¬ 
tional mental ability involves a power to absorb the ideas of others, and 
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even that the most original people are those who are able to borrow most 
freely.^ 

Therefore, in order to# serve as an individual disseminator of 
information concerning public health and community matters 
and as a coworker of the physician and the dentist, the pharma¬ 
cist should be a discerning reader and a diligent student of recent 
literature dealing with advances in preventive medicine and medica¬ 
tion. To render this service with intelligence and confidence he 
should subscribe to several recognized scientific journals such as the 
Journal of the American Pharmaceutical Association {J. Am. Pharm. 
Assoc.), including the Scientific Edition and the Practical Pharmacy 
Edition, and the Journal of the American Medical Association (J. Am. 
Med. Assoc.). These publications contain reports of original 
investigations along pharmaceutical and medical lines, as well as 
those of committees’ findings, and also abstracts of scientific 
information published in this country and abroad. The pharmacist 
should subscribe to at least one reliable trade journal and have his 
name placed on the mailing lists of reputable manufacturers of 
medicaments who issue regularly dignified and worth-while informa¬ 
tive house organs or publications. 

The Value of Libraries. As a further aid to enable him to 
acquire knowledge and information of a reliable nature expe¬ 
ditiously, the pharmacist should be familiar with scientific and 
public libraries and should be able to use them efficiently and 
intelligently. 

The Private^ Professional Library and Its Importance. 
Scientific and public libraries are not always accessible to the 
pharmacist, particularly if he is in a small community. Therefore, 
in order to fulfill his duties in respect to public health as an authority 
on matters pertaining to hygiene and first aid and the control of 
insects, fungi, and parasites, and to enable him to perform his 
function as a dispenser of medicine with better comprehension, he 
should have in his personal library at least the minimum number of 
books to cover these fields sufficiently. 

Any list of books submitted that might constitute such a library 

*M. G. Mellon. **Chemical Publicaliana,** McGraw-Hill Book Company, 
Inc., New York, 2d ed., 1940, p. 1. 
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can be extended to cover the several fields of endeavor that the 
enterprising pharmacist might care to follow. The following is a 
minimum representative list of books that would cover these fields 
adetiuately (see Appendix 1, pages 603 to 608, for a suggested list by 
author, title, publisher, etc.).* 

The latest edition of “The Dispensatory of tho United States of America" 
(U.8 D.) 

“Useful Drugs" 

t/utfuaii’s “Alodern Diug Kncyclopedia and Therapeutic (iiiide” and the 
SuppleiiienLs 

A book on jierfunies and cosmetics 
A chemical formulary 

A recent textbook on general or inorganic chemistry 

A reliable modern work on organic chemistry 

An up-to-date book on pharmacology 

A recent liook on toxicology 

A pharmacognosy or materia medica textbook 

One or more reliable textbooks on general pharmacy 

A rtH'ogni/ed work on dispensing pharmacy 

A handl)Ook of tables dealing with chemistry and physics 

A work on insei'ticides, fungicides, rodenticides, and parasiticides 

A reliable book on cosmetic dermatology 

One or more texts on physiology and anatomy 

“ Nostrums and Quackeries" and other publications of the \merican Medical 
Association dealing with such exposures in the field of proprietary pref>arations 
A text dealing with the application of arithmetic and algebra to pharmacy 
and with the problems of coininertinl transactions 
A treatise on bacteriology 
A work on the problems of public health 
A first-aid manual 
A treatise on veterinary medicine 

Government publications on simdlic subjects such as public health, sprays, 
and uisecticides 

A reliable medical dictionary 
A chemical dictionary 
A modern dictionary 

Many in the preceding list are publications such as are purchased 
and used as textbooks in tlie various courses taken by the student of 
pharmacy as partial fulfillment of the requirements for the Bachelor 

' See also the booklet “The Professional Pharmacy/’ American l^armaceuU- 
Cal Association, 1933, p. 7. 
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of Science degree in pharmacy in a recognized school It is to the 
advantage of the earnest student to abrogate the much too common 
practice of disposing of a worth-tvhile text because he feels he will have 
no further use for it during the remainder of his undergraduate 
training or afterward. 

Minimum Equipment of the Pharmacy. The pharmacist 
should provide his establishment with the necessary equipment to 
dispense prescriptions properly, compound preparations, and per¬ 
form the various tasks that confront him as a highly trained indi¬ 
vidual. The suggested minimum standard equipment is listed 
in Appendix 2, pages 609 and 610. Reference should be made to 
the Commonwealth report, i.e., “Basic Material for a Pharmaceutical 
Curriculum,”pages 322 to 330; to Drug Topics 54 (No. 23), 31 (1938); 
54 (No. 25), 22 (1938); 85 (No. 41), 22 (1941); and to the 
monograph “The Professional Pharmacy,” American Pharma¬ 
ceutical Association, 1933, pages 5 to 6, for a detailed study of 
equipment requirements. 

/ Manufacture of Medicinal and Other Preparations in the 
Pharmacy. If the pharmacist has been properly trained and 
possesses the necessary equipment to carry on his professional 
duties satisfactorily, he should feel qualified and consider it ethical 
and a sound and profitable business practice to manufacture the 
medicinals recognized in the “Pharmacopoeia of the Cnited States 
of America” and “The National Formulary.” They have been 
proved clinically to be valuable in medication or in general use in 
ethical medical practice and thus can replace many of the costly and 
even unsound proprietaries and advertised brands not so verified. 

With the aid of handbooks such as “The Pharmaceutical Recipe 
Book” and other works containing tested formulas, he should feel 
capable of compounding improved professional products as side 
lines for the dental and veterinarian professions and for agricul¬ 
turalists and gardeners. He should be able to manufacture stains, 
solutions, diagnostic agents, and testing and volumetric solutions 
for hospitals and laboratories, as well as harmless yet worth-while 
cosmetic products of various types. 

Meritorious Products versus Worthless Preparations* If 
the activities mentioned in the last two paragraphs are to be con- 
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ducted ethically, the pharmacist should take pride in manufacturing 
meritorious products only rather than serving as the vendor of 
preparations that, as a result of his training, he knows to be basically 
worthless. He should avoid the motive of prqfit taking by having 
foremost in his mind the best interests of the public he is serving. 

Other Professional Activities. On the basis of his professional 
training, interests, and study along specialized lines, the pharma¬ 
cist, if suitably located, should feel qualified to perform for com¬ 
pensation analyses and examinations of a scientific character when 
the opportunity offers and the requests are of an ethical character. 

Advanced Study. Even though the pharmacist has, in most 
cases, completed a portion of his education in a reputable school of 
pharmacy, has supplemented this by fulfilling his experience 
requirements in a pharmacy, and has obtained a license as a fully 
registered operator of, or in, a pharmacy, he should not assume the 
complacent attitude that his education has been completed. He 
should realize that such an attitude leads rapidly and certainly 
toward stagnation as a professional man. Rather he should con¬ 
tinue his education by taking advantage of the postgraduate or 
extension courses, refresher programs, or pharmacists’ clinics that 
are now being planned and offered by progressive schools of phar¬ 
macy, provided that such courses are not for the most part too 
commercial in intention. Such courses are designed to acquaint the 
pharmacist by means of round-table discussions and instructions 
and lectures presented by recognized workers in specialized fields 
with the recent advances in, and trends of, the profession, thus 
modernizing his viewpoint and kiK)wledge. Also, he should so 
arrange his hours as to enable him to continue his study by irading 
the various journals and publications mentioned previously. 

^ Professional Research and Investigations. The pharmacist 
should show an interest in, and devote a portion of his time and 
ability to, professional research and investigation. Several pharma¬ 
cologists of note have come to the conclusion that it is the duty of a 
certain number of pharmacists, especially those with advanced 
training in pharmacy, pharmaceutical chemistry, or other branches 
of the profession, to devote their efforts toward the development of 
new medicaments for the benefit of mankind. These endeavors 
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may be carried out in private laboratories or in universities, as well 
as in the laboratories of manufacturers of pharmaceuticals. Quali¬ 
fied students in schools of pharmacy would do well to consider 
preparing themselves for lines of private enterprise by continuing 
graduate work, with its advanced instruction in specialized fields of 
research and study. Such examples of scientific initiative should 
receive the support and encouragement of the entire profession. 

Professional Pride, Above all personal attributes it is impera¬ 
tive that the pharmacist should develop w ithin himself a professional 
morale evidenced by a pride in his profession. A just professional 
pride aids in developing character and personality, enabling the 
pharmacist to deal with people efficiently and confidently and to 
live and associate with them agreeably. His pride of prof(*ssion 
should be on so high a plane that he will feel no inferiority in his 
relationship with other professional men. Similarly, he will never 
undersell his services, enter into unfair competition, or in any other 
manner render poor service to the public. 

The Prescription as a Confidential Order of the Physician, 
The pharmacist, as a professional man, should keep in mind that 
the prescription is the confidential order of the physician to the 
pharmacist and that its contents or action should never be dis¬ 
cussed with the patient presenting it. The following incident 
quoted from a medical journal' illustrates the results of a violation 
of this trust: 

A doctor gave a patient a prescription for sulfanilamide and when read 
by the pharmacist before the patient he pursed his lips saying: ‘Mighty 
dangerous stuff, but I guess the doctor knows what he is doing.’ The 
patient immediately called the doctor’s office highly excited and it was some 
time before she could be reassured. 

Another instance from the same journal of a pseudo-physician- 
druggist making unnecessary comments on drugs ordered by the 
doctor is that of a pharmacist in a cut-rate drugstore who told the 
patient that the amount of codeine in the prescription seemed 
“pretty large.” 

Such incidents constitute direct violations of the prinoipie of 
» Med. Beonomics 15, 33-34, (1938). 
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professional confidence. The significance of this relationship 
between the physician and the pharmacist for the welfare of the 
public is well illustrated by the timeless quotation from Spencer 
Percival: 

The amicable intercourse and cooperation of the physician and apothe- 
car>, if conflucted with decorum and attenti.m to etiquette, which should 
always I)e steadily ohseived by professional men, will add to the authority 
of the one, the respectability of the othei, and to the usefulness of both. 

Obligations as a ]Man. As a man, the pharmacist has certain 
obligations to his country, his family, and himself. In order to 
fulfill these he should be more than a competent technician. In 
addition to the topics mentioned in the preceding and following 
paragraphs, he should l>e interested in matters that may be classified 
as (‘xtravocational activities and duties. These include the develop¬ 
ing of such qualities of an upright citizen as intelligence, forcefulness, 
reliability, physical and mental fitness and alertness, and enjo>ment 
of life, art, religion, hobbies, etc. To ensure a better appreciation 
of tlu^se interests the modern pharmaceutical curriculum allows for 
some sekTtion of the cultural subjects as required and elective 
courses. 

The Public Servant. As a public servant, the pharmacist 
should be especially interested in performing the duties that have 
to do with public health. As has been previously indicated, he, of 
all professional men, is the most strategically situated to give 
personal advice upon problems pertaining to public health and 
hygiene. He should be capable of administering first aid. He 
is obligated to assume an active part in all efforts to raise the 
standards of health and living in his community. He should 
therefore have a fund of knowledge relating to communicable 
diseases, not for the purpose of unethical counter prescribing, 
but to assist in all health movements directed toward the eradi¬ 
cation of disorders. 

Knowledge of Professional Appliances. In order that he 
may serve more effectively the various professions and the laity, 
with proper remuneration for himself, the pharmacist should 
have a thorough understanding of the many worth-while appliances 
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that are marketed. These include devices for administering hot 
and cold applications, for irrigation, for hypodermic and allied 
forms of injection, and for protective purposes, feeding apparatus, 
thermometers, bandages and dressing materials, plasters, ligatures 
and sutures, hygienic appliances, bedpans, urinals, pus basins, 
inhalers, atomizers, eyecups, medicine droppers, glasses and spoons, 
breast pumps, nipple shields, and drip apparatus. 

Laws Pertaining to the Profession of Pharmacy. As a 
vocation, pharmacy is regulated by law to an unusual degree. It 
should therefore be the duty of the pharmacist to familiarize himself 
with the Federal, state, and local laws pertaining to his profession, 
especially those regulating the sale and manufacture of narcotics, 
spirituous liquors, poisons, hypnotics, insecticides, etc. He should 
respect also the honor of the profession and his reputation by refus¬ 
ing to adopt questionable practices that are just within the law for 
the purpose of selfish gains. ^, 

He should be aware of any form of proposed local, stat6, and 
Federal legislation that jeopardizes the standards of the profession 
or which imposes unfair tax burdens or onerous responsibilities upon 
pharmacy and should oppose all such acts. He should always 
vigorously support legislation that will raise the standards of the 
profession or improve the conditions of public health. 

Professional Organizations. The pharmacist should have an 
interest in, and be a member of, organizations promoting the welfare 
of the profession nationally and in the state and locality in which he 
lives. These include the American Pharmaceutical Association, 
the National Association of Retail Druggists, his state pharmaceuti¬ 
cal association, and local drug clubs or guilds. He should lend 
active support to these organizations by attending their meetings 
whenever possible, should take part in the discussions at such 
meetings, and above all should lend wholehearted support and 
approval and financial aid to all endeavors, scientific, legislative, 
etc., of these bodies that are undertaken for the advaq|ement erf the 
profession. As a citizen of a locality, he should be active in civic 
organisations and improvements that have as their primary purpose 
the upbuilding of a finer, healthier, and happier community. 

The Phennacist and His Competitors. The pharmacist 
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should develop an attitude of helpfulness and comradeship toward 
his colleagues in his community. Such an attitude should alleviate 
petty jealousies and animosities retarding the profession in a 
particular locality to the detriment of public welfare and pharmacy 
in general. Also, such cooperation should remove obstacles to the 
establishment of rotational schedules for opening and closing hours. 
Shorter and rotational work schedules permit a proprietor and his 
assistants greater leisure. In this way the public is assured better 
service because of the increased opportunity afforded the pharmacist 
for study, personal improvement, and relaxation. 

Candidates for Pharmacy. The pharmacist should be in 
readiness to encourage youths of the highest character and ability 
to enter the study and practice of pharmacy. 

The Pharmacist and His Employees. As a proprietor or 
employer, the pharmacist should recognize the rights and privileges 
of his employees, especially those wlio have the same professional 
attainments that he possesses. Such employees have a right to his 
respect and confidence and to the degree of enjoyable living that he 
tries to maintain for himself. The proprietor should recognize the 
fact that an employee happy in his working surroundings is one who 
is not underpaid or worn to exhaustion by long working hours but 
who is allowed leisure to enjoy life and improve himself profession¬ 
ally and socially. 

The Employee. The pharmacist as an employee should 
recognize the rights of his employer, and particularly so if he also 
is a pharmacist. The employer has a right to demand honesty, 
diligence, good habits, personal pride in dress and manners, loyalty, 
and unquestionable ethics on the part of the employee. 

Meeting the Physician. The pharmacist should be so familiar 
with the standards and official medicaments of his calling that he 
can “detail” and meet with the physician in mutual interest and con¬ 
sultation to familiarize him with the most economical means of 
prescribing for the patient, for whose welfare they both should be 
primarily concerned. 

Nonpmfessional Commercial Pursuits. To avoid the ever¬ 
present danger of overcommercialism that threatens the profession, 
the^pharmacist should be careful not to promote nonprofessional 
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commercial interests at the expense of his legitimate professional 
interests. The former interests have proved to be unstable and 
highly competitive and even unprofitable. 

Professional Pharmacy and Commercial Pharmacy. The 
pharmacist should not allow the terms professional pharmacy and 
commercial pharmacy to become confused in his mind and his 
practice. The Commonwealth report^ recognizes that the pharma¬ 
cist, in the practice of his profession, “has to manage his business, to 
buy and sell, to advertise and display his merchandise, and to 
obtain profits sufficient to maintain his business and to secure the 
necessities, the comforts, and some of the luxuries of life.” This 
permits the sale of legitimate side lines, which include the ever- 
increasing number of worth-while mechanical appliances, rubber 
goods of all description, thermometers, sickroom supplies, first-aid 
kits, infants’ and health foods, cosmetics and perfumes, insecticides 
and fungicides, and allows the making of stains and diagnostic 
reagents and analytical and microscopic examinations. Com¬ 
modities that rightfully belong in restaurants, grocery and depart¬ 
ment stores, meat markets, garages, etc., should not be sold (see 
Plate 1). To do so opens up fields of extraordinary and uncalled-for 
competition, which is a detriment to the profession and a source of 
anxiety to the professional man and of evils that cannot be remedied 
by any type of legislation in the form of fair-trade acts and acts con¬ 
trolling unfair competition. 

Expanding into trade competition usually operates adversely 
to harass not only other businesses but also the pharmacist himself 
whose field has been thus expanded. Unfortunately, many pharma¬ 
cists of recent years have infringed on the sales scope of other 
businesses. Moreover, they have become “fence straddlers” in 
that they selfishly desire to be recognized as professional men with 
all the rights and privileges of this select group and yet wish to be 
protected from unfair competition and from inconveniences caused 
by trades of various types on whose fields of activity they have 
trespassed. 

Loyalty to the Profession. It is clear that the pharmacist 

^ “Basic Material for a Pharmaceutical Curriculum,” McGraw-Hill BckA 
Company, Inc., New York, 1927, p. 4. 




Plato 1. OverM^meroialism in pharmacy. Advertisements of this type are 
used by fM>me pnarmacies in daily papers of this country. Of more than 1 tO 
items listed in this adv’ertisement, approximately 30 per cent are side lines tliat 
are either distinctly not legitimate or only remotely ethical. 
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should possess sufficient pride and satisfaction in the practice of his 
profession so that under no circumstances would he become a 
depredator of pharmacy, which furnishes him his livelihood and is 
perhaps the only vocation he is capable of following successfully. 
He should always stand ready to support and vigorously promote 
the calling, thus obtaining from others a respect for it that is 
unqualified. 

Observance of Codes of Ethics. If the pharma(*ist attempts 
sincerely to follow the principles set forth in the preceding pages, 
he will have little difficulty and take much pride in living up to a 
Jode of ethics, which most professions entrusted with the health and 
welfare of the public have developed. Since codes of ethics are 
indispensable in the maintenance of professional standards, a brief 
historical development, as well as the code of the American Pharma¬ 
ceutical Association and a portion of that of the American Medical 
Association, is offered in the following paragraphs. 

LaWalb says of the earliest of all codes, viz,, the Hippocratic 
o^th, that it is “ ... an example of idealistic precept which has 
never been surpassed, and which, as the common heritage of 
medicine and pharmacy, serves as the starting point for all codes of 
ethics, however modern they may be.” 

The oath follows in full. 

I swear by Apollo the physician and Aesculapius and Hygeia, and Pana¬ 
cea, and all the gods and goddesses—and I make them my judges—that 
this, mine oath, I will fulfill as far as power and discernment shall be mine. 

Him who taught me this art I will esteem even as I do my parents; he 
shall partake of my livelihood, and, if in want, shall share ray goods. I will 
regard his issue as my brothers and will teach them this art without fee or 
written engagements if they shall wish to learn it. 

I will give instruction by precept, by discourse, and in all other ways to 
my own sons, and to those of him who taught me, to disciples bound by 
written engagements and sworn according to medical law, and to no other 
person. So far as power and discernment shall be mine, I will carry out 
regimen for the benefit of the sick and will keep them from harm and wrong. 
To none will I give a deadly drug, even if solicited, nor offer counsel to such 

» Charles H. La Wall. “Four Thousand Years of Pharmacy,” J. B. Lippiii- 
cott Compcmy, Philadelphia, 1927, pp. 42-44. 
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an end; likewise to no women will I give a destructive suppository; but 
guiltless and hallowed will I keep my life and mine art. I will cut no 
one whatever for the stone, but will give way to those who work at this 
practice. 
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Plate 2. The HipjXKratic oath. {Courtesy of Arlirujion Chemical Company^ 
Yonkers y N. Y.) 


Into whatsoever houses I shall enter, I shall go for the Ix^nefit of the 
sick, holding aloof from all voluntary wrong and corruption, including 
venereal acts upon the bodies of females and males, whether free or slaves. 
Whatsoever in my practice or not in my practice I shall see or hear amid 
the lives of men which ought not be noised abroad as to this I will keep 
silence, holding such things unfitting to be spoken. 

And now if I shall fulfill this oath and break it not, may the fruits of life 
and the art be mine, may I be honored of all men for all time; the opposite 
if I shall transgress or be foresworn. (See Plate 2.] 
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A similar manifest was proposed by Maimonides, a Spanish 
physician, in his oath and prayer (twelfth century). 

In the fourteenth century, French apothecaries were recjuired 
to swe^r to a formal oath before being permitted to practice. 

They swore to live and die in the Christian faith, to speak no evil of their 
teachers or masters, to do all in their power for the honor, glory, ornament, 
and majesty of medicine, to give no remedy or purge without the authority 
of a physician, to supply no drugs to procure abortion, to prepare physi¬ 
cians’ prescriptions exactly, neither adding, subtracting, nor substituting 
anything without the express permission of the physician, to avoid the 
practices of charlatans as they would the plague, and to keep no bad nor 
old drugs in their stocks.^ 

In 1848 the Philadelphia College of Pharmacy, the oldest college 
of pharmacy in the United States, adopted the first comprehensive 
code of pharmaceutical ethics, which is quoted in part. 

Pharmacy being a profcvssion which demands knowledge, skill, and 
integrity on the part of those engaged in it, and being associated with 
the medical profession in the responsible duties of preserving the public 
health, and dispensing the useful though often dangerous agents adapted 
to the cure of disease, its members should be united on some general princi¬ 
ples to be observed in their several relations to each other, to the medical 
profession, and to the public. 

We in like manner consider that an apothecary being engaged in further¬ 
ing the interests of any particular physician, to the prejudice of other 
reputable members of the medical profession, or allowing any physician a 
percentage or commission on his prescriptions, as unjust toward the pro¬ 
fession and injurious to the public. 

As the practice of pharmacy can only become uniform, by an open and 
candid intercourse being kept up between apothecaries, which will lead 
them to discountenance the use of secret formulae, and promote the general 
use and knowledge of good practice, and as this college considers that any 
discovery which is useful in alleviating human sufifering, or in restoring the 
diseased to health, should be made public for the good of humanity and the 
general advancement of the healing art—no member of this college should 
originate or prepare a medicine, the composition of which is concealed from 
the other members, or from regular physicians. 

» Ibid,, p. 166. 
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They earnestly recommend the propriety of discouraging . . . [the] 
employment [of secret and quack medicines], when called upon for an opin* 
ion as to their merits. 

The apothecary should be remunerated by the public for his knowJ> 
edge and skill, and his charges should be regulated by the time consumed 
in preparation, as well as by the value of the article sold; although loc’a- 
tion and other circumstances necessiirily affect the rate of charges at 
different establishments, no apothecary should intentionally undersell his 
neighl)ors with a view to his injury. 

As the apothecary should be able to distinguish between good and bad 
drugs, in most cases, as the substitution of a weak or inert drug for an active 
one may, negatively, be productive of serious consequences—we hold that 
the intentional sale of impure drugs or medicines, from motives of competi¬ 
tion, or desire of gain, when pure articles of the same kind may be obtained, 
is highly culptible, and that it is the duty of every honest apothecary or 
druggist to expose such fraudulent acts as may come to his knowledge. . . . 

As there are many powerful substances that rank as poisons, which 
are constantly kept by apothecaries, and prescribed by physicians, and 
which are only safe in their hands ... we hold that the apothecary is 
not justified in vending these po\^erful agents indiscriminately to persons 
unqualified to administer them, and that a pn'scription should always be 
recjuired, except in those cases when the poisons are intended for the destruc¬ 
tion of animals or vermin—and in these instances only with the guarantee 
of a responsible person. And we hold that when there is good reason to 
believe that the purchaser is habitually using opiates or stimulants to excess, 
every conscientious apothecary should disr'ourage such practice.^ 

Immediately after the founding of the American Pharmaceutical 
Association (1852), the organization formulated a code of ethics.^ 
It has been replaced by a new code that more nearly answers the 
needs of the development of pharmacy in the present century. This 
was adopted in August, 1922, and has since b<'en recognized by the 
National Association of Retail Druggists, the Canadian Pharma¬ 
ceutical Association, and similar organizations in several of the 
South American republics. 

This code is printed in full. 

* Ibid,, pp, 491-495. 

* Ibid,, pp. 498-501. 
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CODE OF ETHICS OF THE 
AMERICAN PHARMACEUTICAL ASSOCIATION 

(Adopted August 17, 1922) 

Chapter I 

The Duties of the Pharmacist in Connection ^VITH His Services to 

THE Public 

Pharmacy has for its primary object the service which it can render to the 
public in safeguarding the handling, sale, compounding and dispensing of 
medicinal substances,^ 

The practice of pharmacy demands knowledge, skill and integrity on 
the pfirt of those engaged in it. Pharmacists are retjuired to pass certain 
educational tests in order to qualify under the laws of our states. The 
states thus restrict the practice of pharmacy to those persons who by reason 
of special training and qualifications are able to (jualify under regulatory 
requirements and grant to them privileges necessarily denied to others. 

In return the states expect the Pharmacist to recognize his responsibility to 
the community and to fulfill his professional obligations honorably and with 
due regard for the physical and moral well-being of society. 

The Pharmacist should uphold the approved legal standards of the 
United States Pharmacopoeia and the National Formulary for articles 
which are official in either of these works, and should, as far as possible, 
discourage the use of objectionable nostrums.* He should sell and dispense 
only drugs of the best quality for medicinal use and for filling prescriptions. 

He should neither buy, sell nor use substandard drugs for uses which are 
in any way connected with medicinal purposes. 

The Pharmacist should be properly remunerated by the public for his 
knowledge and skill when used in its behalf in compounding prescriptions, 
and his fee for such professional work should take into account time 
consumed and the great resfKinsibility involved as well as the cofl^ the 
ingredients. 

The Pharmacist should not sell or dispense powerful drugs and pdbons 
to per8(Mis not properly qualified to administer or use them, aud iboold 

* Italics by authors. 

* An objectionable nostrum is one that does not meet the requirements el the 
definition of the Commission on Proprietary Medicines of the Aitterfemi Phar- 
maceutical Association. 
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use every proper precaution to safeguard the public from poisons and from 
all habit-forming medicines. 

The Pharmacist, being legally entrusted with the dispensing and sale of 
narcotic drugs and alcoholic liquors, should merit this responsibility by 
upholding and conforming to the laws and regulations governing the dis¬ 
tribution of these substances. 

,^he Pharmacist should seek to enlist and merit the confidence of his 
patrons and when this confidence is won it should be jealously guarded 
and nevef abused by extortion or misrepresentation or in any other manner. 

Pharjnacisl should consider the knowled{fe which he gains of the ailments 
of his patrons and their confidences regarding these matters^ as entrusted to his 
honor, and he should never dirnlge such facts unless compelled to do so by law. 

^ The Pharmacist should hold the health and safety of his patrons to be of 
the first consideration, he should make no attempt to prescribe or treat diseases 
or strive to sell drugs or remedies of any kind simply for the sake of profit. 

./lie should keep his pharmacy clean, neat and sanitary in all its depart¬ 
ments and should be well supplied with accurate measuring and weighing 
devices and other suitable apparatus for the proper performance of his 
professional duties. 

It is considered inimical to public welfare for the Pharmacist to have 
any clandestine arrangement with any Physician in which fees are divided^ 
or in which secret prescriptions are concerned. 

^The Pharmacist should primarily lie a good citizen, and should uphold 
and defend the laws of the state and nation, lie should inform himself 
‘concerning the laws, piarticularly those relating to food and drug adulter¬ 
ation and those pertaining to health and sanitation and should always 
be ready to cooperate with the proper authorities having charge of the 
enforcement of the laws. 

The Pharjmacist should be willing to join any constructive effort to 
promote the public welfare and he should regulate his public and private 
conduct and deeds so as to entitle him to tlie respect and confidence of 
the community in which he practices. 

Chapter II 

I'he Duties or the Pharmacist in His Relations to the Physician 

The Pharmacist even when urgently requested so to do should always refuse 
to prescribe or aUempt diagnoses. He should, under such circumstances, 
refer apidicants for medical aid to a reputable legally cjualified Physician. 

. In cases of extreme emergency as in accident or sudden illness on the street 
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in which persons are brought to him pending the arrival of a Physician such 
prompt action should be taken to prevent suffering as is dictated by humanb 
tarian impulses and guided by scientific knowledge and common sense. 

The Pharmacist should not, under any circumstances, substitute one 
article for another, or one make of an article for another in a prescription, 
without the consent of the Physician who wrote it. No change should 
be made in a Physician’s prescription except such as is essentially war¬ 
ranted by correct pharmaceutical procedure, nor any that \^ill interfere 
with the obvious intent of the prescriber, as regards therapeutic action. 

He should follow the Physician’s directions explicitly in the matter of 
refilling prescriptions, copying the formula upon the label or giving a 
copy of the prescription to the patient. He should not add any extra 
directions or caution or poison labels without due regard for the wishes 
of the prescrilier, providing the siifety of the piitient is not jeopardized. 

Whenever there is doubt as to the interpretation of the Physician’s 
prescription or directions, he should invariably confer with the Physician 
in order to avoid a posvsible mistake or an unpleasant situation. 

He should never discuss the therapeutic effect of a Physician’s prescripi- 
tion with a patron nor disclose details of composition which the Physician 
has withheld, suggesting to the pjitient that such details can be properly 
discussed with the prescriber only. 

Where an obvious error or omission in a prescription is detected by the 
Pharmacist, he should protect the interests of his patron and also the 
reputation of the Physician by conferring confidentially upon the subject, 
using the utmost caution and delicacy in handling such an important 
matter. 

Chapter III 

The Duties of Pharmacists to Each Other and to the Profession at 

Large 

The Pharmacist should strive to perfect and enlarge his professional 
knowledge. He should contribute his share toward the scientific progress 
of his profession and encourage and participate in research, investigation 
and study. 

• He should associate himself with pharmaceutical organizations whose 
aims are compatible with this code of ethics and to whose memberahip 
he may be eligible. He should contribute his share of time, energy and 
expense to carry on the work of these organizations and promote tfaefr 
welfare. He should keep himself inform^ upon professional mutters 
by reading current pharmaceutical and medical Uterature. 
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He should perform no act, nor should he be a party to any transaction, 
which will brin^f discredit to himself or to his profevssion or in any way 
bring criticism upf)n it, nor should he unwarrantedly criticize a fellow Phar¬ 
macist or do anything to diminish the trust reposed in the practitioners of 
pharmacy. 

The Pharmacist should expose any corrupt or dishonest conduct of any 
member of his profession which comes to his certain knowledge^ through those 
accredited processes provided by the civil laws or the rules and regulations of 
pharmaceutical organizations, and he should aid in driving the unworthy out 
of the calling. 

He should not accept agencies for objectionable nostrums nor allow his 
name to he used in connection with advertisements or correspondence for 
furthering their side. 

He should courteousK aid a fellow Pharmacist who may request advice 
or professional information or who, in an emergency, needs supplies. 

He should not aid any person to evade legal re(}uirements regarding 
(‘haracter, time or practical experience by carelessly or improperly endorsing 
or approving statements relating thereto. 

He should not imitate the labels of his competitors nor take any other 
unfair advantage of merited professional or commercial success. When 
a bottle or package of a medicine is brought to him to be refilled, he should 
remove all other lal)els and place his own thereon unless the patron reciuests 
otherwise. 

He should not fill orders which come to him by mistake, being originally 
intended for a competiU^r. 

He should deal fairly with manufacturers and wholesale druggists from 
whom he purchases his supplies; all goods received in error or excess and 
all undercharges should be as promptly reported as are shortages and 
overcharges. 

He should earnestly strive to follow all proper trade regulation? and rules, 
promptly meet all obligations and closely adhere to all contracts and 
agreements. 

The American Medical Association has adopted a code entitled 
“Principles of Medical Ethics” as a guide for medical practitioners. 
This extensive code comprises four chapters. Chap. I copsists of 
two sections dealing with the responsibility of the physician and ot 
groups and clinics: Chap. II devotes three sections to the duties of 
the physician to the patient; Chap. Ill consists of three sections 
describing the duties of physicians to each other and to the pro- 
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fession at large. Chapter IV, in four sections, list^ the duties of the 
profession to the public; the fourth section, pertaining to pharma¬ 
cists, is quoted in full 

By legitimate patronage, physicians should recognize and promote the 
profession of pharmacy, but any pharmacist, unless he be qualified as a 
physician, who assumes to prescribe for the sick, should be denied such 
countenance and support. Moreover, whenever a druggist or pharmacist 
dispenses deteriorated or adulterated drugs, or substitutes one remedy for 
another designated in a prescription, he thereby forfeits all claims to the 
favorable consideration of the public and physic ians. 

Ql'ESTIONS 

1. What sciences are essential in the study of pharmacy? 

2. What national acts have given to the Pharma('ofK)eia and the 
National Formulary a particular importance? 

3. Give a list of preparations that the pharmacist is capable of manu¬ 
facturing. 

4. When should the education of a pharmacist ceasc'? 

5. How may a feeling of confidence ir^ns profession be develo|HHi by 
the pharmacist in action and practice? W 

6. Enumerate the duties of the pharmacist as a public servant. 

7. Why should the pharmacist have a knowledge of professional 
appliances? 

8. How may ccx)peration l)e obtained among fellow pharmacists in a 
given community? 

9. What factors that should be eliminated are adversely affecting the 
practice of pharmacy as a profession? 

10. Define or explain what is meant by a code of ethics. 

11. To what does Appendix 1 refer? Appendix 2? 
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Chapter 3 

THE PHARMACEUTICAL CURRICULUM 

PART 1. THE BASIC SCIENCES 

M’hat you can do, or dream you can, l)egin it. 

Boldness has genius, power, and magic in it. 

“(Goethe. 

The principles discussed in Chap. 2 are more clearly understood 
by the student of pharmacy if he has a defmile conception of the 
purposes of the various courses that constitute the modern pharma¬ 
ceutical curriculum. Furthermore, if he underslands the content 
of tliese courses, it will be all the easier for him to appreciate the 
true objectives of the curriculuins offered by the colleges or schools 
of pharmacy for the development of a reliable, intelliyenl, and 
cultured pharmacist possessing a real pride in the profession that he 
has chosen. 

In the definition of pharmacy previously presented (pages 45-46) 
it was stated that it is a study of the application of the sciences. 
Science, defined in a general way, is the organization and classi¬ 
fication of the knowledge pertaining expressly to nature. It is 
so broad in its scope that no one person has the ability and the 
time to master all the matter relating to it. For this reason, 
science has been classified or separated into various divisions. 

The observant •individual interested in life and the world about 
iiim is naturally concerned with the various branches of science. 
The student of pharmacy, in particular, should possess an aptitude 
for, or develop a special interest in, the basic sciences that are part 
of the pharmaceutical curriculum. If he does not possess this 
aptitude or interest, the course of study in pharmacy may prove 
highly difficult. 

"Qie basic sciences includ e Uie biol ogical sciences and th e ph^ical 

sciences, k discussion of these subjects follows. ^ 

----- 
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Biological Sciences. pBiolo^ is the science pertaining^Aa life 
and the ciiaracter, growth»^ and reproduction of living things. 
It includes botany^ which is the study of the plant kingdom, and 
zoology, the study of the animal Jiingdom. Many schools offer 
these subjects as separate courses. Others combine them in a 
course in biology. It is not the purpose of this work to discuss 
the merits of either mode of presentation, although there is much 
to be said in favor of both. 

as outlined for a pharmaceutical curriculum, has two 
purposes, academic and practical. It deals specifically with the 
general characteristics and nomenclature (system of names) of 
plants, the structure, ph>siology, and contents of the living plant 
cell, life histories, cell walls, tissues, and organs and their functions. 
It is a basic science for the study of pharmacognosy, which N\ill be 
discussed lat('r, A knoNV ledge of botany is necessary to the pharma¬ 
cist in the identification of plant parts, especially those recognized 
in tlie Pharmacopoeia and the National Formulary.^ 

\Z(^logjy is a cultural study as well as a fundamental science 
for the study of physiology and other subjects having to do with 
the human body. It is concerned with the material bases of life, 
including the living cell, function and form in animals, and the 
classifying, heredity, evolution, ecology, and distribution of animals. 

^h^sioTogy (human physiology) is the study of the physical and 
chemical regulation of the processes of human life. A knowledge of 
the normal functioning of the human body is essential to the student 
of pharmacy. He should understand the actions of the body 
mechanism if for no other re'ason than that such information may 
enable him to maintain his own health. Moreover, he ean thus 
comprehend the action of the drugs that he dispenses. 

Physiology is closely related to, and dependent upon, zoology, 
chemistry', and physics; to some extent, pathology and psychology 
are helpful adjuncts. The subject may be divided into general 
physiology^ the study of the general laws of life and functional 
activity, and systematic physiology, which is the specific study of 
function according to the anatomical system. Protoplasm and 

' ** Basic Material for a Pharmaceutical Currk'uluiii,** McGraw-Hill Book 
Company, Inc., New York, 1927, pp. 123-135. 
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the cells, including specialized ones, the blood and circulation, 
respiration, the nervous system, digestion, secretions and excretions 
and the organs concerned with these, the endocrines, and vitamins 
are studied in proper sequence. The pharmacist should study 
enough ph>siology to enable him to comprehend the principles of 
pharmacology, toxicology, hygiene, and fu^st aid.^ 

Backriol mx^is the science concerned primarily with micro¬ 
organisms, especially those related to communicable diseases. 
Such a course, while not intended to develop a finished bacteriologist 
as well as a pharmacist, should be so designed as to equip the 
student for the following: (1) the intelligent reading of the Pharma¬ 
copoeia and National Formulary; (2) effective cooperation with 
public health agencies in the control of diseases and in the dis¬ 
semination of information concerning public health; (3) thorough 
familiarity with the techniques of sterilization, disinfection, and 
fumigation, for the effective selling of biologicals, disinfectants, 
germicides, antiseptics, preservatives, and sterilized solutions for 
parenteral administration; (1) an understanding of infection, 
immunity, allergy, and allied subjects so as to know the principles 
underlying the use of biologicals and related products; (5) dis¬ 
semination of information about the common communicable 
diseases, especially those to be reported officially; (6) an under¬ 
standing of certain diseases of domestic animals; and (7) answering 
the questions of the public and conversing intelligently with the 
members of the allied professions. ^ 

An understanding of such related subjects as immunology and 
serology is also desirable. Immunology treats with immunity — 
security against any particular disease—and the producing of 
such a condition and includes the principles underlying the use 
of biological products in the prevention and treatment of diseases. 
The pharmacist should have some perception of the theories of 
immunity and the use of various products in increasing immunity. 
Serology is the study of serums and their uses. 

It can readily be seen that, with the increasing importance of 

» Ibid,, pp. 167-75. 

* Ibid., pp. 111-121. 
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biologicals, a fundamental study of bacteriology and related 
fields of investigation is of the utmost importance to pharmacists.^ 

Physical Sciences. The physical sciences include chemistry 
and both of which are based upon the concepts of matter and 

energy. Physics, more than chemistry, is concerned with the 
various forms of energy such as heat, light, and electricity; chemistry 
is preeminently concerned with the various forms of matter. 

Chemistry is primarily involved in energy changes or chemical 
transformations of matter to other forms. Its scope has grown 
to such proportions that it has been divided into numerous branches 
or subdivisions, which will be defined individually. 

Inorganic chemistry is the study of substances obtained from 
minerals,' “ores,' or”' similar sources. General chemistry includes 
much elementary inorganic chemistry but treats largely of funda¬ 
mental principles and sources of information from which data 
supporting and suggesting tliese principles have been derived. 
Specific substances are included in general chemistry to illustrate 
and to apply these principles and to show the nature and variet> of 
chemical changes by which matter is converted. The important 
role that chemistry plays in everyday life and in industry is empha¬ 
sized. If the student retains, from a course in this subject, a clear 
impression of fundamental chemical factors and the development of 
chemistry in general the minimum requirements will have been 
obtained.^ 

Analytical chemistry may be divided into qualitative chemistry, 
or qualitative analysis, and quantitative chemistry, or qunntitative 
analysis. The former is primarily associated with the separation 
and identification of various chemical materials, inorganic and 
organic, so that these can be identified in products and prepa¬ 
rations of unknown composition. Quantitative chemistry deals 
with the determination of the amounts of individual chemical 
entities, inorganic and organic, in substances and preparations. 
All the laws and principles relating to such analyses are studied 

* Ibid,, p. 121. 

* H. T, Briscoe. “General Chemistry for Colleges,*' Houghton Mifflin 
Company, Boston, 1935, pp. III-VI, 1-9. 
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and applied. The two terms qualitative chemistry and quantitative 
chemistry are usually interpreted to apply to inorganic chemicals, 
although their application to organic substances has become 
increasingly important. Since the enactment and enforcement of 
the Federal Food, Drug, and Cosmetic Act of 1938, it has become 
more desirable than ever for the pharmacist to be familiar with the 
content of courses in these subjects as a prerequisite for further 
training in the testing and assaying of the official products that he 
makes and buys, to be assured that they meet with the requirements 
set forth in this act. 

Organic chemistry is the study of the compounds of carbon, 
particularly the hydrocarbons, i.c., compounds containing carbon 
and hydrogen, and their substitution products. It deals with the 
synthesis of compounds containing carbon and the laws governing 
their production, identification, and composition. Because of the 
rapid increase in the number of synthetic medicinals, a sound 
foundation in basic organic chemistry is essential to the training of 
the pharmacist so that he may in a general way kiK)w the nature of 
these complex new products. 

These various branches of chemistry should be essential courses 
in the education of a pharmacist so that he may be able to interpret 
the Pharmacopoeia, the National Formulary, and other works of a 
similar character, to make tests for the identity and purity of 
substances and strengths of their preparations, to compound and 
dispense prescriptions, to manufacture preparations, and to stabilize 
those requiring chemical preservation. The student needs training 
in these elementary courses in chemistry to understand the more 
advanced courses in pharmacy, physiology, bacteriology, assaying, 
toxicology, etc. Also, chemical instruction is necessary to enable 
the pharmacist to answer the queries of his customers and to sell 
merchandise in the pharmacy intelligently.^ 

Other courses helpful in creating a broader background for the 
profession are physical chemistry, pertaining to laws, principles, 
and theories of chemistry, and biochemistry (sometimes called 
biological chemistry or physiological chemistry), covering the funda- 

* “Basic Material for a Pharmaceutical Curriculum/* McGraw-Hill Book 
Company, Inc., New York, 1927, pp. 218-241. 
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mental principles and methods concerned with the products of 
metabolism and catabolism in the animal bod>. The latter also 
deals with the nature and reactions of the compounds found in living 
matter and with their role in life processes. 

Physics is the study of the physical properties of matter and 
energy and includes mechanics, heat, light, sound, electricity, 
and magnetism. The pharmacist needs to know as much of this 
science as is necessary to understand the principles underlying 
bacteriology, botany, chemistry, pharmacy, and physiology.^ 

Mathematics as a basic science presupposes a sound knowledge 
of arithmetic, elementary algebra, and geometry, which are studied 
in the secondary schools and liigh schools of this country, and 
includes at least higher algebra, trigonometry, and analytical geometry. 
It is also considered an important cultural subject. Skill and 
accuracy in the use of mathematics are highly important in the 
administration of toxic drugs, in manufacturing pharmacy, and in 
the fields of assa>ing and standardization of medicinal products.- 
Higher course's in mathematics, such as calculus, are of value in 
understanding the principles invohed in ph>sical chemistr>, 
biological (*hemistr>, and statistics and also as cultural subjects. 

8TII)Y QUESTIONS 

1. What are the main divisions of the basic sciences as related to the 

pharmaceutical tmrrimitnm ? ^ SXuokAj 

2. Name the im{H)rt<int sciences in each division. 

3. Why is a sound foundation in organic chemistry becoming essential 
to the well-trained pharmacist? 

COLLATERAL READINGS 

“Basic Material for a Pharniacoutical Curriculum,” McGraw-Hill Book Com¬ 
pany, Inc., New York, 1927. 

Jannke, P\iJL J. “The Value of Analytical Chemistry to the Pharmacist,” 
J. Am Pharm. Assoc. Pract. Pharm. Ed. 1, 205-206 (19il). 

“The Pharmaceutical Syllabus,” Tiie National Pharmaceutical Syllabus Com¬ 
mittee, Chapel Hill, N.C., 1th ed,, 1932; tentative 5th ed , 1942. 

Recognized texts dealing with the sciences and their branches discussed abo> e 
should be examined for definitions and scope. 

^Ibid., pp. 241-249. 

^ Ibid., pp. 40-44. 



Chapter 4 

THE PHARMACEUTICAL CURRICULUM 

PART 2 . THE PROFESSIONAL AND APPLIED PROFESSIONAL 

SUBJECTS 

Knowledge is of two kinds. AVe know a subject ourselves, or we 
know where we can find information iijion il.—Samuel Johnson. 

The student of pharmacy, having ac((uircd a suitable knowl¬ 
edge of the essentials of the fundamental scienies (('hap. 3), is 
qualified to pursue the so-called “professional” and “applied 
professional subjects” of a more advanced character. Professional 
courses are those courses on advanced material which are necessary 
for the development of a fitting background for the practice of the 
profession of pharmacy. The term applied professional courses 
might be used to designate those basic and professional studies 
which are offered with special emphasis on their essential applica¬ 
tions to pharmacy. For example, any basic course in chemistry 
might be taught as an applied professional course in pharmaceutical 
chemistry, using, wherever feasible, illustrations from the practice 
of pharmacy to emphasize a basic principle, theory, process, or 
application. Such courses should be offered in the school of phar¬ 
macy by qualified instructors trained in the particular branch being 
taught. 

Required Professional Pharmaceutical Courses. Pharmojcy 
has been defined in Chap. 2 (pages 45 to 46). On basis of this 
definition it may be subdivided according to course content. An 
examination of these subdivisions indicates that they should be 
offered in logical sequence, in the order of their complexity and 
importance, throughout the curriculum, as a mental grasp of the 
fundamental courses is acquired. This continuity is indispensable 
in stimulating and maintaining the proper interest in, and assimila¬ 
tion of, the subject matter. 


74 
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An elementary course with a content such as that of this text 
should be offered as an introduction to the study and pursuit 
of the profession of pharmacy. The terms fundamenial principles 
and processes of pharmacy, beginning pharmacy, fundamental phar¬ 
macy, introductory pharmacy, fundamentals and operations of phar¬ 
macy, elementary theory of pharmacy, pharmaceutical technique, etc., 
have been used to designate such a course. 

Included in it should be the principles that are the foundation 
of pharmacy, a brief historical development, and the bases of 
professional morale and ethics. It should acquaint the student 
with those theories, calculations, and processes which have direct 
application to pharmacy. It should also include the background 
material of pharmaceutical history, literature, and terminology and 
the practical application of mathematics and ph>sics to pharmacv. 
Accompan>ing laboratory practice is needful, with the object of 
training students in the primary operations of pharmacy. This 
course should be offered in the first year of study.^ 

^4^armaceutical calculations (pharmaceutical arithmetic, or phar¬ 
maceutical mathemati('s) is the application of mathematical calcula¬ 
tions to all processes and procedures in the manufacture and testing 
of drugs. It also involves the rudiments needed by the pharmacist 
in compourKling and dispensing prescriptions, in calculating costs, 
in conducting the processes of pharmacy, in assaying and preserving 
pharmaceutical products, and in reading intelligently the Pharma¬ 
copoeia and the National Formulary and similar works. The 
student should have a working knowledge of this subject for the 
study of the basic courses discussed in Chap. 3. The pharmacist 
needs a very high degree of skill in tlie use of mathematical opiMa- 
tions in compounding and preparing medicinals. The lack of this 
skill is a crucial matter, for deaths might result from toxic doses of 
medicaments due to inaccurate calculations and measurements in 
the manufacture of a prescription.^ 

The importance of the content of this course should not be 
minimized; but if the student comes to the school of pharmacy with 

Basic Material for a Pharmaceutical Curriculum,” McGraw-Hill Book 
Company, Inc., New York, 1927, pp. 99-105. 

* Ibid., pp. 40 - 44 . 
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a satisfactory mathematical training in the secondary schools 
and high schools, much of the material, being of a review character, 
might easily be refreshed and supplemented in all the courses 
offered in the pharmaceutical curriculum, instead of establishing 
a separate course. If it is offered, however, its elementary nature 
would logically indicate that it should be studied in the first year. 

Ph armaceutj c al Jurisprudent (or pharmace utical law) involve s 
t he study of the laws and reg ulation^ relat ing to the pr actice of 
p harmacy and a consideration of the principles of common law 
be aring upon the work and duties of the pharm acist. The course 
should be developed so that the student learns with exactness the 
salient points of these laws and regulations in order to avoid unin¬ 
tentional violations. This course most logically should be offered 
in the fourth year.^ 

History of pharmacy should be taught as a major means of develop¬ 
ing professional morale and esprit de corps and should include a 
description of the origins, evolution, present status, and future 
possibilities of the profession. Outstanding pharmacists aud their 
contributions to the art of healing should be discussed. A back¬ 
ground for the development of professional ethics may be built up. 
The course should be so conducted that the student will take as 
much part in the assignments as the instructor, through preparing 
short topics and writing term reports on the significant features of 
pharmacy. 

In conjunction w ith the history of pharmacy, a systemized study 
of the literature of pharmacy, past and present, is desirable. Because 
of the rapid progress being made in pharmacy and allied professions 
and because of the pharmacist’s strategic position as a source of 
information to the public, it is imperative that the student and the 
pharmacist know the basic material and current literature pertaining 
to his profession, the latter to include trade and scientific journals 
and books in many related fields. The student should become 
familiar with the literature available in the departmental and 
general libraries of the school or college he is attending; he should 
learn where and how to find information and be capable of analyzing 
the literature, when found, and of preparing reports, abstracts, 

‘ Ibid., pp. 31-40. 
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reviews, and theses. The history and literature of pharmacy should 
be stressed early in the curriculum but as an organized course should 
most logically be offered in the third or fourth year.' 

Pharmaceutical ethics and codes have been discussed in Chap. 2. 
It is impossible to prCvsent this important aspect of the pharmacist’s 
straining in any one course. A code of allies should be stressed and 
observed throughout the 4>year curriculum and subsequently 
should be conscientiously adhered to by the practicing pharmacist. 
It is only through such observance that professional morale and 
prestige can be raisc'd and maintained at a high level. 

A course in pharmaceutical preparations (galenical pharmacy; 
op<Tntive pharmacy) covers various classes of preparations, official 
and nonofficial, their manufacture, stability, and preservation, and 
{he evaluation of the different forms and combinations of the 
medicinal substances involved. It is a prerequisite for dispensing 
pharmacy and should be allotted ample time in the second and/or 
third years to permit the development of a high degree of aptitude 
in the techniques of the operations involved in the manufacture of 
these products, their classification, and their composition. This 
course, therefore, presupposes a thorough training in the basic 
sciences, in the processes and calculations of pharmacy, and in 
pharmacognosy, etc.^ 

Other advanced courses in pharmacy of great importance have been 
designated by various titles, such as The Pharmacy of Inorganic 
Medicinal Substances, The Pharmacy of Organic Medicinal Sub¬ 
stances, The Pharmacy of Inorganic and Organic Chemical Sub¬ 
stances, and Inorganic and Organic Pharmacy. These consist of a 
pharmaceutical study of the inorganic and organic chemical sub¬ 
stances, official and nonofficial, used as medicines or in the manu¬ 
facture of medicaments or employed for closely related purposes. 
Laboratory work consists in the manufacture of examples involving 
these substances. Application is made of the elementary material 
learned in general chemistry and inorganic pharmaceutical chemis¬ 
try, organic chemistry and organic pharmaceutical chemistry, other 
basic chemistry courses, and the ftindamental biological sciences. 

' Ibid,, pp. 95-99. 

• Ibid., pp. 59-87. 
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Its aim is primarily to familiarize the student with the main theories 
and facts associated with the preparation of the inorganic and 
organic substances specifically and in medicines in the Pharma¬ 
copoeia and the National Formulary, particularly all products in 
these involving chemical reactions, and to develop further aptitude 
in laboratory work. With the increasing development of new 
organic therapeutic agents, the content should be of such a nature 
as to acquaint the student with the pharmaceutical facts concerning, 
and uses of, the nonofficial products of proved clinical value as well 
as the official ones. This course should be offered in the third or 
fourth year of the curriculum. 

Dispensing pharmacy (dispensing, prescription compounding, 
prescription practice) is the application of the scientific and practical 
principles upon which the practice of pharmacy is based to the 
extemporaneous compounding of drugs and medicines and their 
distribution under proper conditions. 

As the definition indicates, this course is the translation of the 
sciences, underl>ing pharmacy into the art of pharmacy. It 
includes a detailed study of the prescription—the written confi¬ 
dential order of the physician, dentist, or veterinarian—and of 
pricing, means of overcoming incompatibilities encountered in com¬ 
pounding improperly written prescriptions, dispensing of the finished 
medicament in a palatable form and possessing a suitable appear¬ 
ance, etc. It should be offered in the fourth year and a sufficient 
amount of time apportioned to it to train the student adequately. 

Brief mention should be made of one course, which has lost much 
of its significance because of the recent decision to have the Latin 
titles subordinate to the English titles in the last Pharmacopoeia 
and National Formulary, i.e., Pharmaceutical Latin, which is the 
Latin that pertains to pharmacy. It is intended to aid the student 
in understanding and using the scientific names of drugs and diseases 
and in reading prescriptions that may still be written in this kn- 
guage. It is quite likely that sufficient Latin nomenclature is 
offered in the various courses to satisfy the present-day requirements 
for this language. 

^ ^ Biological Scieiices. Pharmacognosy takes up the drugs and 
Other materials chained from the vegetable and animal kingdoms 
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and emphasizes their identification and the establishment of their 
quality and purity by macroscopic, microscopic, and other means. 
Experience is desirable with the use of scientific names and the 
standards of strength of potent drugs, the evaluation of purity and 
the means of detecting impurities in drugs subject to contamination 
and adulteration, sources, marketing, and identification. The 
course should be offered in the second year, with botany as a 
prerequisite.^ 

Pharmacolog y is th£ study _Qf the effects p rodnee d by drugs ojj 
living organisms and the mechanisms whereby these effects are 
accomplished. It includes the relafionslnp of these influences to 
posology, therapeutics, and toxicology. These are allied subjects 
taken up as integral parts of pharmacology, pharmacognosy, and 
other courses, the contents to be best mastered by such repetition. 
Pharmacology should also contain certain phases of materia medica, 
which is that branch of medical science which is concerned with the 
origin, composition, and properties of agents used in the treatment 
of disease. Therapinitics is the study of the uses of medicines and 
other agents in tlie treatment of disease. Posology is the science of 
dosage or a system of doses. .. Toxicology is the scie nce of poisqm, 
their actions, their detection, and the treatment of effects they 
produce. ^ 

The public demands that the pharmacist shall know at least the 
common or major therapeutic uses of the drugs which he sells and 
dispenses, the reasons for such use^, and the manner in which they 
are effective. It thus requires, in addition to some familiarity with 
the physical and chemical properties of the active constituents, 
information relative to the action of drugs. 

The pharmacist should be acquainted with and capable of 
employing emergency steps in the treatment of cases of poisoning 
and other bodily injuries (first aid). To accomplish this function 
he must possess some knowledge of pharmacology. The pharma- 
cist handles many medicaments that are very toxic, and some of 
these may easily be confused with less potent ones. An insight into 
the pharmacology of the-se potent substances should at least serve 
to impress the pharmacist with the necessity for continual care and 

» Ibid,, pp. 142-156. 
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caution in handling and dispensing them. His pharmacological 
information should be sound rather than minute or extensive.' 

Since the pharmacist dispenses poisons, he is legally responsible 
for the distribution of potent drugs. He should therefore be 
versed in the doses of drugs in the Pharmacopoeia and the National 
Formulary, particularly those toxic to man and animal.^ 

The pharmacist is legally responsible for errors in prescriptions 
that result in poisoning. He is sometimes ask('d to give emergency 
treatment in cases of poisoning. Because of these responsibilities 
he should be well posted on the following points: (1) standard, 
lethal, and toxic doses of poisons and factors for controlling them; 
(2) the poisonous action of drugs; (3) the symptoms of poisonous 
action of drugs; and (4) antidotal treatments and dangers involved 
in such treatments.^ 

Bioassay deals with the qualitative and quantitative analyses of 
drugs by means of the reactions of living organisms or tissues. 
Since it is vital for a pharmacist to know the standards for esti¬ 
mating the strength of the drugs and the preparations from them 
that he dispenses, and since such standards, in some cases, can b<^ 
determined only by the action on animals, this course is required. 
The general principles involved in the technique of these assays are 
elucidated in the laboratory or by demonstration.^ Pharmacology 
and bioassay should be studied in the third or fourth year of college. 

Public health is the study of the principles of prevention and 
control of disease by the use of drugs and the application of the 
pharmacist’s knowledge and facilities to the promotion of the 
health and welfare of the public in cooperation with public and 
private health agencies. It includes a survey of municipal, county, 
state, and Federal health regulations. 

Because of his accessibility to the public at large, the pharma¬ 
cist is an influential agency for the dissemination of information 
concerning public health, and his cooperation with public health 
authorities in the control of communicable diseases is very irnpor- 

» Ibid., pp. 156-175. 

* Ibid., pp. 175-177. 

» Ibid., pp. 210-217. 

* Ibid., pp. 122-123. 
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tant. He can accomplish this useful service only by being aware, 
at least in a general way, of the measures and programs conducted 
in this field.' 

Hygiene and first aid, are generally included in the public health 
program, for they are closely allied in function. The pharmacist 
should hui proficient in both iields . He is frequently called upon to 
render first aid in case of injury or sudden illness. By doing so 
he may be able to save a life or prevent a dangerous infection before 
a physician Ixx^ornes available. Also, many diseases and disorders 
may be controlled or even prevented by observing the rules of 
personal hygiene. Since the pharmacist is particularly fitted and in 
a strategic position to answer many of the questions of the layman 
relating to personal hygiene, he should be conversant with the lates t 
rcM^Qgnized procedures for promoting this type of caj^ . These 
subjects are best offered in the fourth year. 

Pharmaceutical Chemistry. At the beginning of this chapter 
an applied course was defined. On the basis of this definition, any 
course in chemistry offered in the pharmaceutical curriculum may be 
presented by qualified teachers in the schools and colleges of 
pharmacy; in such a course the principles and practical aspects of the 
particular field as well as the applications of these principles and 
aspects to pharmacy are stressed. In some cases this form of 
presentation is highly desirable, for in a few basic courses offered in 
the departments of chemistry there is not sufficient time or inclina¬ 
tion on the part of tlie instructor to stress those principles having 
particular application to pharmacy. This is particularly true in 
qiialitafive pha rmaceutical chemistryy where the student sliould be 
proficient not only in the schemes of identification of inorganic 
medicinal substances in the Pharmacopoeia .and the National 
Formulary but also in the tests for impimities in these, as well as 
being familiar with the incompatibilities that are apt to occur when 
chemical substances are brought into combination in prescriptions* 
This course is generally considered a second-year subject. 

Quantitative pharmaceutical chemistry is quantitative chemistry 
in which special attention is paid to the assay methods of substances 


' Ibid,, pp. 187-210. 



82 PRINCIPLES AND PROCESSES OF PHARMACY 


and their preparations in our official books. The course should be 
given in the second year, preferably, or in the third. 

Organic pharmaceutical chemistry is general organic chemistry 
particularly devoted to the ever-increasing number of synthetic 
organic medicinals becoming official. The course should be offered 
in the second year, preferably, or in the third. 

Cultural and Elective Subjects. Basic courses such as those 
discussed in Chap. 3 are those which are necessary to, or desira¬ 
ble for, the study of professional or applied subjects in the curricu¬ 
lum. In a pharmaceutical curriculum they might be considered 
of cultural value oidy when not Imsic or professional in character. 
Cultural subjects should broaden the viewpoint of the student and 
make him more intelligent and tolerant in his social, political, 
economic, and religious relationships, which are independent of his 
professional life. 

The present-day pharmaceutical curriculum of 4 years, designed 
to prepare the student properly for the profession, permits the 
inclusion of only a few electives that have cultural value. For this 
reason it allows only limited freedom in the selection of these courses 
by the student. When provision is made for cultural subjects, 
however, the student should be permitted to choose those from 
which he feels he will derive the greatest benefit and enjoyment. 

The following list, while it does not include all the subjects 
offered in a univei*sity or college that might have cultural value, 
is suggested to the student in pharmacy for consideration in electing 
this type of course to round out his undergraduate training: 


Business correspondonoe 

English (first-year-college grade requi^) 

English literature 

Modern language 

Philosophy 

General economics 

Geography 


Geology 

Government 

History 

Political science 

Psychology 

Sociology 

Speech or debating. 


Cultural courses, such as those listed above, are not basic or 
professional in character in so far as the pharmaceutical curriculum 
is concerned. If a student shows a particular aptitude in ceilain 
phases of his training, however, or wishes to specialize in a particular 
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branch of pharmacy, he may choose elective subjects that are 
professional and applied. If elected in the curriculum of 4 years, 
these choices may be made at the expense of the broad training to 
be derived by the selection of the cultural subjects listed above. 
The merits of semispecialization by means of particularized pro¬ 
fessional and applied courses versus those of a broadened cultural 
training by means of well-selected cultural subjects should be 
examined carefully by the student. 

The following are submitted as supplementary elective subjects of 
a professional and applied character: 


Accounting 

Bioassay 

Botany 

Plant pliysiology 
Taxonomy, etc. 

Business English (Lf'tter writing) 
Chemistry 
Biochemistry 

Microchemistry (Chemical micros- 
copy) 

Organic synthesis 
Physical chemistry 
Qualitative organic analysis 
Quantitative organic analysis 
Commercial art 
Food analysis 


Hospital pharmacy 

Insi'cticides, parasiticides, rodent icides, 
and fungicides 
Journalism 

Mathematics (higher courses) 
Manufacturing pharmacy, or Technol¬ 
ogy 

Large-scale and semi-large-scale pro¬ 
duction 

Unit pr(x;esses, etc. 

Perfumes and cosmetics (Cosmetology) 
Pharmacy of dental products 
Pharmacy of veterinarian products 
Photography 

Physics (advanced courses) 

Statistics 


STUDY QUESTIONS 

1. Define or explain the following: (a) cultural subject; (b) elective 
subject; (c) professional course; (d) applied course. 

2. What is meant by the term prerequisite courses? Why are they 
necessary ? 

3. If a professional course is not required in a curriculum but is taken 
as an elective course, could it also be considered a cultural subject? State 
the reasons for your answer. 

4* In what course might the principles of pharmaceutical ethica be 
developed? Explain your answer. 

5. Discuss the importance of a course dealing with the literature of 
pharmacy? What faculty should be developed in studying this course? 

6* Is the course in pharmacology required in the pharmaceutical 
curriculum to encourage counter prescribing by the pharmacist? 
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7t WTiy is it necessary for a pharmacist to have a knowledge of toxi¬ 
cology? 

8. Discuss the importance to the pharmacist of a course in first aid. 

9. What is public health, and why is a study of it imperative for the 
pharmacist? 

10. What course in pharmaceutical chemistry is becoming of increasing 
value? Why? 
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Chapter 5 

BRANCHES OF AND OPPORTUNITIES IN 
PHARMACY 

The wise and active conquer difTiculties by daring to attempt 
them.—Nicholas Rowe. 

Pharmacy is an ancient and honorable profession. Its beginnings are 
lost in the mists of anti(|uity and its histor> is replete with substantial 
accomplishments. Phannacy is the mother of medicine and the original 
source of many forms of research. Numerous investigators, who have 
made epochal contributions to science and art, have been enrolled among 
its followers. Today pharmaceutical research is scholarly and produc¬ 
tive. In the lalx)rHtories . . . scientists are industriously and effectively 
studying the problems of the field. 

At the present time, however, the profession is undergoing a heavy 
barrage of criticism. The aSvSertion has been made that it has been com¬ 
mercialized and has sunk to a level of soda fountain dispensing and rule-of- 
thumb shopkeeping. ... It is asserted that the profession usurps the 
functions of the doctor by counter prescribing and that it is pseudoscientific 
without an intelligent grasp of the sciences it pretends to utilize. Some 
critics say that in the effort to commercialize the occupation, the ancient 
professional morale has been lost with the result that the occupation has 
ceased to be a profession and has now become a trade. 

It is, therefore, of interest to examine this vocation which in numbers 
is not inconsiderable and in history is rich and worthy. It is a matter of 
major social importance to know with some definiteness just what the 
pharmacist does, what place he fills or may fill in society, how much 
he needs to know, and what sort of training should be given him in order 
that he may properly and intelligently fulfill his functions. The criticisms 
just enumerated become immaterial if a picture can be drawn showing the 
full round of the responsibilities of the pharmacist and the amount, depth, 
and extent of the training which is needed to fit him adequately to fulfill 
his obligations.^ 

'“Basic Material for a Pharnmc'eutical Curriculurii,” McGraw-Hill Book 
Company, Inc.* New York, 1927, p. 1. 
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It wa8 for the purpose of determining the extent of the obligations 
and duties of the pharmacist and the kind and amount of training 
required to prepare him for these responsibilities that the entire 
investigation descrilxHl in “Basic Material for a Pharmaceutical 
Curriculum (sometimes called the Charter s Report or The Report 
of the Commonwealth Committee) was carried out. After a 2-year 
survey the director of the study was convinced that pharmacy is a 
profession rather than a trade.^ In the preceding chapters of this 
text this conception has been stressed repeatedly. We ar(‘ now in a 
position to discuss, without doubt of its status, the opportunities of 
pharmacy. 

Branches of Pharmacy. The branches or fields of phar¬ 
macy, as a public health profession, may be classified as retail phar^ 
ofiacy, professional pharmacy, and hospital pharmacy, keeping in 
mind that under certain conditions there is no clear distinction 
between the fields, especially Ix'tween the first two, which, of 
necessity, must be profitably operated as businesses in order to 
maintain their existence. These three branches offer ample 
opportunity for a successful ethical and economic practice of the 
profession. The distinctions btitween the three classes of pharmacy 
cannot be sharply defined, since every registered pharmacist should 
be professional and ethical in all his business activities. 

Retail or commercial pharmacies may be divided into two types: 
(1) The semiprofessional pharmacy, which is becoming more com¬ 
mon in the United States and in which the attention and the efforts 
of the pharmacist are divided between the professional practice of 
pharmacy and the merchandising of side lines usually related to, 
and having their origin in, the pharmacy. The professional practice 
of pharmacy tends to predominate over the commercial interesta of 
the business. (2) The “drugstore,” exemplified by the type of 
establishment usually managed by a chain-st^ corporation or by 
an independent proprietor who is striving under difficulties to 
employ chain-store methods or by the one-man type of store. In 
this group there is usually an intensification of the commercial lines 
with a distracting submergence of the profe8sion|fedepartments» 


1 IbU,, p. 13. 
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resulting in an almost complete lack of interest in the practice of 
pharmacy. 

Retail pharmacies of the first type occur generally in residential 
or business sections of our large citie^s and in all communities of 
2,000 inhabitants or more. Those of the second type usually are 
found in highly congested business districts and in residential 
sections of our lai'ger cities and in smaller communities in ^\hich too 
many stores exist on the basis of population or which are too small 
to sup]X)rt an establishment of the first type. 

Professional pharmacies are those which are conducted in a 
profitable manner and >et are strictly pharmaceutical in operation. 
These may be located in or near medical centers or communities in 
an area where there is a sufficiently large population and where 
other conditions warrant the offering of the finest type of pro- 
ft^ssional service. The ideal pharmacy of this type po^esse^ the 
proper physical equipment and medical supplies, sufficient space for 
manufacture and dispensing, and an adequate library for study and 
research. The pharmacist working in such an environment should 
be able to give the fullest cooperation to the physician, the dentist, 
the veterinarian, and public health authorities. In return he 
should be well remunerated for rendering specialized scientific and 
pharmaceutical services. lie ma\ be asked to perform clinical and 
bacteriological tests, prepare certain biological products, supply 
sterile solutions, etc. The only side lines such a pharmacy would 
display and sell would be surgical supplies and other items of a 
related character (see Chap. 2, pages 53 to 51). 

It must be kept in mind, however, that a pharmacy located in a 
residential or a business section or in a small community may be 
just as professional as the one described above and yet may need 
other sources of income in order to produce a volume of sales which 
will qualify the business as profitable —and the operation of a 
pharmacy is as much a business as the operation of any type of 
nonprofessional store. Furthermore, it is entirely possible for the 
prescription department of a large chain “combine” or a department 
store to function on a highly professional basis, although in this 
group the overemphasizing of pursuits other than pharmaceutical 
is in great evidence* 
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Hospital pharmacies, as the name signifies, are professional 
pharmacies that are located in hospitals of various types and which 
may or may not be conducted for profit. They are rapidly increas¬ 
ing in number owing to a belated realization on the part of hospitals 
of the value and necessity of an adequate pharmaceutical service. 
In the maintenance of such a pharmacy the pharmacist is in a posi¬ 
tion to perform outstanding professional work and preserve the 
highest professional standards. Such pharmacies, operating under 
special privileges, such as tax-free alcohol, should refrain from con¬ 
ducting retail pharmacies in competition with existing establish¬ 
ments in the city or community that are trying conscientiously to 
give adequate pharmaceutical service. 

In conclusion, it must be kept in mind that a retail store of a 
semiprofessional type may be more ethical in its practices than a 
professional or hospital pharmacy that merely pretends to be 
professional in all its engagements. 

The Opportunities of the Profession. A well-balanced and 
well-selected pharmaceutical educational program of 4 years, as 
outlined by the Pharmaceutical Syllabus and recognized by the 
American Council on Pharmaceutical Education, is a blending of 
the theoretical and applied educational processes; it offers a soimd 
training for the practice of the profession and also opens several 
avenues for gainful employment, instead of one, as straight academic 
courses so often do. It has few equals for all-round practical use¬ 
fulness. Although schools of pharmacy should not be essentially a 
training ground for other professions and fields but should serve 
principally to put graduates of the highest type into retail and 
hospital pharmacy, this broadness of program does offer oppor¬ 
tunity for other students whose inclinations are in other directions. 
The graph on page 89, in a revised form (Fig. 1), illustrates not only 
the ramifications of the profession but also the numerous possi¬ 
bilities of allied specialties that may easily be developed.' 

Retail pharmacy attracts a majority of the graduates of our 
colleges of pharmacy, who enter retail stores as registered pharma¬ 
cists with salaries ranging from $200 to $300 per month or higher, 
depending on experience. They may become managers at higher 

»H. B. Carey. J. Am. Pharm. Assoc. 26, 335-340 (1937). 
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principles are applied. With higher educational requirements the 
demand for energetic, honest, and sincere registered pliarrnacists has 
increased, and even in times of depression opportunities for steady 
employment are present. Working conditions from the standpoint 
of hours and compensation need adjustment. 

Professional pharmacy as a career presents a real opportunity to 
the graduate in pharmacy who is primarily interested in the pro¬ 
fessional and manufacturing aspects of pharmacy as well as inter¬ 
professional relationships. After a period of more than fifty years 
of retrogression in this country there is a slowly and steadily develop¬ 
ing renascence of professional pharmacy, and the future seems 
heartening. Most professional pharmacies oiler proper working 
conditions and remuneration and command the respect of the allied 
professions. Proprietorship, especially of a new establishment, 
should be considered carefully. A reserve of capital funds to sustain 
the business for at least a year might be nec essary before it shows 
profit. 

Hospital pharmacy offers a valuable type of experience in the 
form of internships. It presents exceptional opportunities to those 
pharmacists, especially women, who are interested in providing 
adequate pharmaceutical service of a strictly professional character 
to the hospitals of our country. Advancement to chief pharmacist 
or even to manager or superintendent of the hospital or some other 
rank is the reward for conscientious effort and professional zeal. 
Working conditions are satisfactory, but salaries in general need 
adjustment. 

Departments of municipal^ county, state, and Federal services offer 
many varied opportunities to the graduate. Large municipalities 
have occasion to employ pharmacists in dispensing drugs in city 
hospitals and other divisions of civic management and in laboratories 
of various types established for the maintenance and enforcement of 
law and order and the improvement of civic welfare. In some cities 
appointments are made under civil service regulations* 

Counties and states require, often on a larger scale than munici¬ 
palities, the service of pharmacists in the dispensaries of their 
hospitals and in the enforcement of laws regulating the diverse 
professions that are concerned with the welfare of the general public.' 

* Elmeb a. Obssel. Am, Profess, Pharmacist 5, 503, 506, 529. 532 (1939). 
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Of significance is the gradual recognition of pharmacy in the 
several divisions of the Federal government. These include the 
army, the navy, the Public Health Service, the Alcoholic Adminis¬ 
tration, the Bureau of Narcotics, the Food and Drug Administra¬ 
tion, and the Veterans Administration. 

The Personal Classification Division of the United States Civil 
Service Commission places pharmacy in the professional service^ 
subprofessional service, and scientific service. Two grades are 
offered for the registered pharmacist: Pharmacist and Pharmacist’s 
Assistant. No grades are established for the registered assistant.^ 
In 1939 examinations were offered for the position of Junior Pharma¬ 
cist, requiring graduation from a 4-year course. Those passing the 
examination successfully were eligible to the following positions: 
druggist. United States Marine Hospital; assistant pharmacist aide. 
Veterans Administration; junior food and drug inspector. Food and 
Drug Administration; junior toxicologist. Chemical Warfare Serv¬ 
ice; junior narcotic agent, Bureau of Narcotics.^*® 

In 1944 the position of Chief Pharmacist was created in the 
Veterans Administration, which for the first time enabled phar¬ 
macists to obtain a P-2 rating at $2,600 to $3,200 per year. In 
institutions where there are one Pharmacist and two or more Phar¬ 
macist’s Assistants, the practitioner with the rating of Pharma¬ 
cist will be promoted to the P-2 grade. This rating will be attained 
primarily through promotion of key personnel in the lower grade. 
Other pharmacists employed in the facilities of the Veterans Admin¬ 
istration are rated as Pharmacist, P-l, or as Pharmacist’s Assistant, 
SP-4. In 1945 150 pharmacists, male and female, were employed 
in the Veterans Administration. This number will be increased as 
expansion and necessity demand. 

In July, 1945, pharmacists in veterans’ hospitals w^ere advanced 
to Professional and Scientific Grade 2 and they will be classed as 
professional rather than subprofessional. 

In May, 1946, pharmacists other than those in the Veterans 
Administration were rated as P-l and P-2, In the same year it was 

^ Paul J. Thomas. J. Am. Pharm. Assoc. 2 I 9 692-693 (1932). 

•“Report bf tbe Committee on Pharmacists in the Government Servicp,” 
Am. J. Pharm. Education 434-439 (1940). 

• A. S. Ernest. J. Am. Pharm. Assoc. Pracl. Pharm. Ed. 1, 301—304 (1940). 
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required that all positions of Pharmacist P-1 through P-4 must be 
filled by applicants who hold the degree of Bachelor of Science in 
pharmacy or its equivalent from a school of pharmacy approved by 
the Administrator and who are registered as pharmacists in one of 
the states or territories of the United States or in the District of 
Columbia. These same classifications now prevail in the Veterans 
Administration. 

In the United States Navy every ship has a medical department, 
of which one of the units is a dispensary. In 1937 there were 75 
large and 125 small dispensaries. As this branch of defense was 
enlarged to a two-ocean navy the number of medical departments 
and therefore of dispensaries was greatly increased. In the present 
organization of the Hospital Corps the following ratings are estab¬ 
lished: (1) Chief Pharmacist (commissioned warrant officer), (2) 
Pharmacist (warrant officer), (3) C.hief Pharmacist’s Mate (chief 
petty officer), (4) Pharmacist’s Mate—First Class (first class petty 
officer), (5) Pharmacist’s Mate—Second (^dass (second class petty 
officer), (6) Pharmacist’s Mate—Third Cdass (third (lass petty 
officer), (7) Hospital Apprentice—First Class, (8) Hospital Appren¬ 
tice—Second Class, It can readily be seen that opportunity for 
advancement is available to men in the service who have a pharma¬ 
ceutical training.^ 

Recently the Navy Medical Service Corps has been established 
in which commissions will be given to those who served as naval 
officers in the Second World War and other appointments will be 
made to graduates of accredited colleges of pharmacy. 

In 1936, 16 commissions as second lieutenant were established in 
the Medical Administrative Corps of the United States Army, and 
more were necessary as the army was expanded. In 1940 pharma¬ 
cists chosen under the Selective Service Act were given full army 
recognition for their professional training and experience; those with 
a 4-year course who qualify are now being granted a second lieu¬ 
tenant’s commission until the pharmaceutical needs are filled and 
are being placed in the medical department of the army and the 
Medical Administrative Officers' Reserve Corps. Pharmacists who do 
not meet the educational and other requirements for a commission 

»E. G. Swann. J. Am. Phurm. Amsqc. 26, 657-660 (1937). 
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are qualified for the special noncommissioned status of Pharmacist 
with the rank of technical sergeant—$1,008 and sustenance 
annually; they must take 3 months’ training at camp and when a 
vacancy occurs are transferred to the Medical Corps and given the 
noncommissioned status. The officers commisvsioned in this corps 
will, by recent legislation, be retained in the newly established 
Pharmacy Corps. 

The Pharmacy Technician School of the United States Army was 
established in 1939. Twenty enlisted men were selected and after 
1,140 hr. of training were assigned as technicians and assistants to 
those performing the pharmaceutical work of the arrny.^*- 

In July, 1913, the Pharmacy Corps was established, by legislation, 
in the United States Army, its personnel to “consist of seventy-two 
officers in the grades of colonel to second lieutenant, inclusive. 
Appointments . . . shall be made in the grade of second lieutenant 
from pharmacists between the ages of twenty-one and thirty-two 
who are graduates of recognized schools or colleges of pharmacy 
requiring four years of instruction for graduation . . . .’’® 

The Pharmacy Corps of the Army has been replaced by the 
M(‘dical Service Corps. 

In the Public Health Service, in the Alcohol Administration, and in 
the Bureau of Narcotics there is a demand for pharmacists as 
inspectors, technicians, and other types of laboratory workers. 

Regular corps appoiTitrnents are now available in the U.S. Public 
Health Service ranging from Junior Assistant Pharmacist (second 
lieutenant), Assistant Pharmacist (first lieutenant). Senior Assistant 
Pharmacist (captain), up to Pharmacist Director (colonel), with 
full medical care and disability retirement. 

With the enactment of the Federal Food, Drug, and Cosmetic 
Act of 1938 the regulatory duties of the Food and Drug Administra¬ 
tion have been greatly increased. This affords more openings as 
inspectors, assayists, etc., of interest to the pharmacist. 

Report of the CommilU'e on Phanimcists in the Cioverninent Service/* 
Am, J, Pharm, Education i, 43 V-139 (1940). 

•Glenn K. Smith. J. Am. Pharm. Pract. Pharm. Ed* 1, 296-298 

(1940). 

* Italics by authors. 
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The Marine hospitals, 26 in number, with more than 6,000 beds, 
provide opportunity for pharmacists. This service began in 1799 
as the Marine Hospital Service and continued as such until 1902, 
when it became the United States Public Health and Marine 
Service. In 1912 it became the United States Health Service.^ 

The extensive problems of the Veterans Administration in hospital 
and rehabilitation work, etc., also present opportunities to the 
graduate of pharmacy. 

Opportunities in Other Fields. Medical and surgical supplies 
must be prepared and manufactured. To meet this demand there 
are manufacturing pharmacists^ manufacturing plants, and industrial 
laboratories, varying from small concerns producing a limited line to 
manufacturing houses with extensive research and industrial 
activities, employing chemists and pharmacists for control, testing, 
and research work involving medicines, cosmetics, biologicaLs, 
insecticides, etc. 

Where medicinal products are manufactured they must be pro¬ 
moted and distributed. This is accomplished by legitimate whole¬ 
sale concern^ and the manufacturers, who detail trained men as their 
representatives to the pharmaceutical and medical professions. 
These should be registered pharmacists, physicians, dentists, or 
veterinarians. 

The Pharmacist in Graduate Work and Research. As 

medical science advances, so must pharmaceutical education, the 
training of pharmacists, and the practice of pharmacy. To qualify 
as a research worker in the laboratories of a pharmaceutical manu¬ 
facturer or in his own manufacturing plant, a pharmacist in this 
branch of scientific work will find that graduate study for the 
Master of Science and the Doctor of Philosophy degrees in a 
recognized university is of advantage. 

Such advanced training is also necessary if one is interested in 
pharmaceutical education and desires to undertake teaching in one 
of the branches of the pharmaceutical curriculum in a reputable 
school of pharmacy. 

Women in Pharmacy. It has been stated that 4 per cent of 
the registered pharmacists are women, and it is probable that this 

> Claude V. Hope. Am, Profea, Pharmacist 4 (No. 12), 27-29,32 (1938). 



OPPORTUNITIES IN PHARMACY 


95 


figure, at present, is low. Hospital pharmacy, professional phar¬ 
macy, and, increasingly, retail pharmacy are presenting oppor¬ 
tunities to women pharmacists, although seldom as managers or 
proprietors. Openings exist in laboratories, government work, and 
teaching. A few states have passed laws prohibiting nightwork for 
women in pharmacy. The profi^ssion provides as adequate an 
oppi^rtunity for employment to women as others do, provided that 
an equitable salary scale and satisfactory working hours and condi¬ 
tions are maintained. 

Other lines of vocation that might be selected by the graduate in 
pharmacy do not need further elaboration, since only those directly 
related to the pharmaceutical field require discussion. The 
specialized selections may be observed in the chart on page 89* 

It is reasonable to say that a student in pharmacy who pursues 
the curriculum with serious purpose and steady effort, who deter¬ 
mines early in his career what branch or service he desires to follow, 
and who plans his program of education accordingly is assured of a 
vocation with ample opportunities and security. 

Advanced Si>ecialized Pharmaceutical Training. Recent 
studies of pmitions occupied by graduates in pharmacy seem to 
indicate that about 70 per cent are in the retail practice of the pro¬ 
fession and that the remaining 30 per cent of the graduates are 
practicing hospital pharmacy or manufacturing pharmacy or are in 
research and control laboratories of various types, in the educational 
fields, sales promotion, or contact work. In order that colleges and 
schools of pharmacy may meet these trends, they may properly 
prepare the .students by means of advanced training beyond the 
4-year curriculum, by specialized programs in business administra¬ 
tion with elections in the fields of retail distribution, wholesale 
distribution, salesmanship, etc., in hospital pharmacy and manage¬ 
ment with internships, pharmaceutical technology, pharmaceutical 
journalism, etc. It is quite likely that only a few of the colleges and 
schools of pharmacy are ideally Icx^aU^d in institutions that have all 
colleges or divisions capable of olTering or developing courses of 
study to be applied in each branch of advanced training. Most 
colleges or schools, however, might effectively specialize in one or 
more of the above-mentioned programs. 
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Five-year and Six-year Programs of Study. Ow iiig primarily 
to the rapid rise of junior colleges in this country during the past 
quarter-century, discussion has arisen as to the possible value of a 
course of study requiring 5 years and 6 years of college training. 
Such curri('ulunis might be developed in one of tuo ways, (I) a 
2-year “prepharniacy ” study, which would include the elementary 
basic and cultural subjects, followed by a 3-year or a 4-year curric¬ 
ulum of intensive study in pharmacy and advanced allied sciences 
or (2) 5 years of study with pharmaceutical courses distributed 
throughout these years, with possible election in the advanced years 
of properly selected subjects for the specialized curriculums men¬ 
tioned above. At least three institutions are offering such plans of 
study, two of which are optional whereas one was required for the 
first time in 1917. One institution is offering the 6-\ear program. 

STUDY QUESTIONS 

1. What study has been made to determine whether pharmacy is a 
profession or a trade? 

2. What is meant by a public health profession? 

3. What are the branches of pharmaceutical practice? 

4. Distinguish between the semiprofessional pharmacy and the present- 
day “drugstore.’* 

5. Discuss the activities of the professional pharmacy. 

6. What are the opportunities of the pharmacist in governmental 
divisions? 

7. In what branches of the armed services is there oppf>rtunity for the 
pharmacist? 

8. What advanced degrees are offered in schools of pharmacy? 

9. Why is the pharmaceutical curriculum worthy of consideration by 
one who desires a well-rounded training? 
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Chapter 6 

THE ESSENTIAL PHARMACEUTICAL 
LITERATURE 

One of the ways of judging a profession is by its literature. 
Pharmacy has a literature that is not sufficiently well known or 
appreciated by American pharmacists. Historical pharmaceutical 
literature is not abundant but is sufficient to give readers much 
information concerning pharmacy as practiced by the ancients as 
far back as our written records extend. The history of pharmacy is 
closely tied up with that of medicine, and a knowledge of the art 
and science of pharmacy can be acquired also from the books on 
the history of medicine. 

Historical evidence indicates that only in comparatively modern 
times has pharmacy been entirely in the hands of pharmaceutical 
specialists or pharmacists. The head of the household, family, or 
clan was often the doctor, pharmacist, and nurse to those under 
his care, even including the domestic animals. Such a person was 
not professionally trained in either pharmacy or medicine but had a 
practical working knowledge of them. Much of the lore of herbs 
and remedies has come to us from such persons, and there is no 
reason for discarding the information that has come down to us 
from these sources. Rather, we should accept it as a part of the 
history and literature of the profession and be tolerant of it in the 
light of science and professionalism. 

If American pharmacy is to continue and to thrive as a profession, 
pharmacists must become truly professional in training and pra<*tice. 
A study of the literature of pharmacy should aid in accomplishing 
such a desirable end. 

It is the responsibility of the schools of pharmacy to acquaint 
their students with the literature of pharmacy. This means that a 
library of considerable size, containing adequate, practical, and 
usable reference material, should be easily accessible. In addition 
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the schools should offer courses dealing with the literature, in which 
reading assignments upon various subjects are made, to acquaint the 
student with this material and to help him form the habit of seeking 
out the proper sources for all kinds of information. 

The pharmacist’s library has been discussed in Chap. 2. Though 
it is difficult to prescribe the contents, the modern professional 
pliarmacist should have a library worthy of the name. It would 
naturally have to be limited as to the number of books and journals 
but should contain a sufficient number of each to be of reference 
value and to cover the problems of medical and pharmaceutical 
interest. 

Pharmacopoeias. It has been stated that a pharmacopoeia 
is a chapter in the history of civilization. If one took the time 
to study all that precedes, enters into, and follows the issuance 
of a pharmacopoeia, he would appreciate the significance of this 
statement. It is possible, certainly, to judge the medical, phar¬ 
maceutical, and scientific progress of a country by studying the 
successive revisions of its pharmacopoeia. This reflects in a 
general way the progress of a country as a whole, as is well illustrated 
by the Pharmacopoeia of the United States of America. In the 
late sixties and the seventies there was frequent criticism of the 
Pharmacopoeia, indicating that it was not up-to-date or adtH^uate 
for the time. As a result the sixth edition of the Pharmacopoeia 
(1880) was thoroughly revised. The student need only compare 
that revision with its predecessors to understand the remarkable 
changes that were made. Tliis reflected the demands of a rapidly 
growing America and was in keeping with the organization of state 
pharmaceutical associations, the creation of state boards oi phar¬ 
macy, and the founding of schools of pharmacy at state uni\ersities 
throughout the country. 

Recently it has bi^en decided to revise both the Pharmacopoeia 
and the National Formulary every 5 years, rather than every 10 
years. Even prior to 1910, interim revisions of the Pharmacopoeia 
appeared. At the present time supplements to both these standards 
are being issued in an effort to meet the demands for changes in 
formulas and to supply new ones. Emergencies such as war 
naturally make for an increased number of changes. 
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By 1939 there were more than twenty pharmacopoeias from as 
many countries, mostly in the Western World, that were in use and 
revised from time to time. None has been revised with the same 
regularity as the Pharmacopoeia of the United States of America, 
which was revised every 10 years from 1820 to 1940 and is now 
being revised every 5 years. 

The pharmacopoeias of the world are listed and described in the 
two following books: “Plantes officinales” by Bruntz and Jaloux 
(1918), in French; and “Die Arzneibiicher” by Falck (1920), in 
German. Nothing has appeared in English upon the subject of 
phaimacopoeias that cornpart^s with these two reference books, 
which should be in the library of every school of pharmacy. 

In almost every country, state and national pharmacopoeias were 
preceded by city pharmacopoeias. In Europe there w(‘re many of 
the latter in France, Belgium, Holland, Italy, England, and 
Germany. The first of these to appear was the “Pharmacopoeia 
Augustana,” published in Augsburg in 1564. It has Ix'en repro¬ 
duced by the State Historical Society of Wisconsin in collaboration 
with the Hollister Pharmaceutical Library Fund. This is an 
interesting text in facsimile accompanied by an appropriate 
historical explanation by Theodor Hust^mann. 

Another very popular city pharmacopoeia of the eighteenth 
century was the “Pharmacopoeia Wirtenbergica,” of 1741. It 
listed 1,952 different drug items and formulas, which was 852 
more than appeared in the “Pharmacopoeia Augustana,” Other 
German city pharmacopoeias were those of Hanover (1706), 
Saxony (1779), and Munster (1739). These all went through 
several editions. In 1872, following the creation of the new German 
Empire in 1871, the first “Pharmacopoeia Gerrnanica” was issued 
by governmental edict. This made it the pharmaceutical standard 
for the whole of Germany. 

In France there were many private pharmacopoeias, written by 
famous pharmacists (see pages 22 to 24). City pharmacopoeias in 
France were those of Paris, “Codex medicamentarius seu pharma¬ 
copoeia Parisiensis” (1630); of Lille, “Pharmacopoeia Lillensis” 
(1640); of Bordeaux, “Pharmacopoeia Burdigalensis” (1643); and 
of Lyon, “Pharmacopoeia Lugdensis’’ (1778). The first national 
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pharmacopoeia for France followed the stabilization of the French 
Republic and was issued in 1818; it was entitled “Codex medica- 
mentarius seu pharmacopoeia Gallica.” 

The first official pharmacopoeia of Europe was that of the 
“Ricettario Fiorentino,” issued in 1498 and made obligatory 
in Florence. In 1559 the “ Antidotarium Mantuanum” for Mantua 
appeared, followed in 1574 by the “Antidotarium Bononiense” 
in Bologna. The term pharmacopoeia was first used in Italy 
in connection with the “Pharmacopoeia Bergamensis” (1850) in 
Bergamo. In Venice, the “Pharmacopoeia Veneta” appeared in 
1618, the “Pharmacopoeia Taurinensis” in Turin, and the “Phar¬ 
macopoeia Parrniensis” in Parma in 1823. A national pharma¬ 
copoeia for Italy was first issued in 1892, entitled “Farmacopoeia 
ufficiale del regno d’ltalia.” 

In England there were three city pharmaco|>oeias that were 
official throughout the kingdom prior to 1864. They were those of 
London, Edinburgh, and Dublin. The “London Pharmacopoeia” 
first appeared in 1618, the “Edinburgh Pharmacopoeia” in 1699, 
and the “ Dublin Pharmacopoeia” in 1807. These were all replaced 
by the “British Pharmacopoeia” in 1864. This first issue was 
superseded by a second revised edition in 1867. 

In this brief statement concerning European pharmacopoeias 
no attempt has been made to mention all the city pharmacopoeias 
or even to name all the countries having such standards. It 
should serve to introduce the subject of national pharmacopoeias, 
which were rather slowly made obligatory in otherwise well- 
established states. From a historical point of view each new 
national pharmacopoeia was evidence of an increasing unity within 
the states, politically and pharmaceutically. 

The dates of the first appearance of 20 of the leading national 
pharmacopoeias are given below in chronological order. 

1772 “Pharmacopoeia Danica” (Denmark) 

1775 “ Pharmacopoeia Sveeiea “ (Sweden) 

1794 “Pharmacopoeia lliapana” (Spain) 

1812 “Pharmacopoeia Austriaca** (Austria) 

1818 “Pharmacopoeia (Jallira“ (France) 

1819 “Pharmacopoeia Fennica (Finland) 

1820 “Pharmacopoeia of the United Slates of America** 
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1851 “Pharmacopoeia Neerlandica*’ (Netherlands) 

1854 “Pharmacopoeia Belgica” (Belgium) 

1854 “ Pharniaco{)oeia Norvegica’* (Norway) 

1862 “ Phcu’macopKJeia Romana” (Rumania) 

1864 “Pharmacopoeia of Great Britain” 

1865 “Pharmacopotua Helvetica” (Switzerland) 

1866 “ Pharmacoi>oeia Rossica” (Russia) 

1871 “Pharmacopoeia Ilungarica” (Hungary) 

1872 “Pharmacopoeia Germanioa” (Germany) 

1874 “ Farmacopoeia Mexieana” (Mexico) 

1876 “Pharmacopoeia Portugiieza” (Portugal) 

1886 “Pharmacopoeia Japonica” (Japan) 

1892 “Farmacopoeia ufliciale del regno d’It alia” (Italy) 

Pharmacopoeia of the United States. The physicians and 
apothecaries who came to America with the early settlers naturally 
used the pharmacopoeias and other such works of reference as were 
available. Among these were the pharmacopoeias of London, 
Edinburgh, and Dublin. Books in languages other than English 
were not used extensively in medicine and pharmacy in early 
America. 

The first American pharmacopoeia was the so-called “Lititz 
Pharmacopoeia,” which appeared in 1778. It was a 32-page 
booklet for use by the Military Hospital of the United States Army, 
published at Lititz, Pa. It had the imposing title “Pharmacopoeia 
Simpliciorum et Efficaciorum ” and was divided into two parts. 
Part I was a list of 84 internal remedies, and Part II included 16 
preparations for external use. It must have served a useful purpose 
as evidenced by the fact that it was revised in 1781. 

During the last decade of the eighteenth century there was talk 
of an American pharmacopoeia by the physicians of Philadelphia. 
The Medical Society of South Carolina projected an independent 
American materia medica. Neither of these ideas materialized. 
However, the “Pharmacopoeia of the Massachusetts Medical 
Society ” made its appearance in 1808, listing 536 drugs and prepara¬ 
tions, among which were drugs indigenous to America. The 
separation of the professions of pharmacy and medicine was by this 
time well established, as is clearly indicated in the preface of the 
book. The book was adopted by the apothecaries of Massachusetts; 
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but though it was hoped that it would meet with general acceptance, 
it did not. 

The “Pharmacopoeia of the New York Hospital*’ was issued in 
1816 by the authority of the physicians of the New York Hospital. 
It was termed a manual of prescription practice and a selection of 
ofTicinal preparations. It was doubtless a useful formulary but was 
not a state pharmacopoeia. 

A projec't for a national pharmacopoeia was submitted by Dr. 
Lyman Spalding to tlie New York I'ounty Medical Society on Jan. 
6, 1817. It was Spalding’s plan to hold a general convention of 
delegates from all the medical societies and schools in order that they 
might have a part in compiling the new book. It was proposed 
that the states should be divided into four districts, each to hold a 
convention and formulate a pharmacopoeia. The general con¬ 
vention would then prepare a national pharmacopoeia from the 
four district pharmacopoeias. Only two of the districts held con¬ 
ventions as planned. I’he general convention was convened in 
Washington in January, 1820. On Dec. 15, 1820, “The Pharma¬ 
copoeia of the Lnited States of America, 1820, by the authority of 
the Medical Societies and (^.olleges,” made its appearance. It was 
printed both in Latin and in English, because in those days every 
well-educated physician and apothecary knew Latin. 

It is stated that more than 90 per cent of the material in the 
“Massachusetts Pharmacopoeia” was included in this first Pharma¬ 
copoeia. This makes the former book a precursor to the latter. 
The new book was well received, although not entirel> without 
criticism, and was reprinted in 1828. This was not a revision, and 
the only changes in text were corrections in spelling. For interest¬ 
ing details concerning this first edition of the Pharmacopoeia the 
reader is referred to the historical introduction of the current 
revision. 

At the first general convention at Washington in 1820 it was 
agreed that a second general convention should be held in January, 
1830. Through some misunderstanding there w^ere two conventions 
and two pharmacopoeias in 1830. One convention was held in 
New York City. In November, 1830, the so-called “New York 
Pharmacopoeia” was published, “by the authority of the General 
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Convention for the Formation of the American Pharmacopoeia.” 
While plans were proposed for calling a convention in 1835 for 
purposes of revising the “New York Pharmacopoeia,” the con¬ 
vention was not called and there were no successors to the book. 

The Washington convention accepted the revised draft of the 
1820 Pharmacopoeia as submitted by the Philadelphia delegates 
as the basis for a new edition. The new book was printed in 
Philadelphia in 1831 “by authority of the National Medieval 
Convention, held at Washington, a. d. 1830.” The Philadelphia 
revision soon gained wide acceptance and superseded its rival, 
the “New York Pharmacopoeia.” The so-called “Philadelphia 
Pharmacopoeia,” now the U.S. Pharmacopoeia, was revised every 
10 years from 1830 to 1940. It was revised in 1945 and will be 
revised every 5 years hereafter. 

The Pharmacopoeias of 1820, 1830-1831, and 1840 were the work 
of physicians, with some help from pharmacists without recognition 
for the latter. At the convention of 1850, held in Washington on 
May 6, 1850, five pharmacists were privileged to attend the con¬ 
vention and two were made members of the Committee of Revision. 
This was further recognition of pharmacy. From that time on the 
number of pharmacists on the revision committee increased until 
about two-thirds of the committee of 50 are pharmacists or represent 
fields of pharmacy. 

It should be observed that the Pharmacopoeia, from the 
beginning, was a standard set up by the medical profession and not 
issued in compliance with an edict from the government. It 
became a legal standard in 1906, following the passage of the 
Federal Food and Drugs Law of that year, and is today one of the 
three legal standards used by the Federal government in the 
enforcement of the Federal Food, Drug, and Cosmetic Act of 1938. 
These standards are also acceptable to those entrusted with the 
enforcement of similar laws in the several states. 

The problem of revising the Pharmacopoeia is the task of the 
Committee of Revision, which is elected by ballot from nominations 
made from the floor at a session of the United States Pharmacopoeial 
Convention set aside for the purpose. The number of nominees is 
not limited. The 50 receiving the highest number of votes are 
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declared elected to the revision committee, which meets during the 
convention period to elect its chairman. The details of revision are 
carried on by subcommittees formed, usually by agreement, from 
the committee members. A person may be a member of more than 
one subcommittee. Each subcommittee elects its chairman. 

There were 15 regular subcommittees for the thirteenth revision 
of the Pharmacopoeia. There were also 11 additional committees 
and boards, which gave valuable service in an advisory capacity 
upon many important products and problems referred to them. 
The Pharmacopoeia is the property of the Board of Trustees of the 
I United States Pharmacopoeial Convention. Business and legal 
matters pertaining to it are disposed of by this board. 

Pages i to evii of the Pharmacopoeia Xllt contain, among other 
items, a list of the Executive Committee and Subcommittees, 
Preface, The Histor> of the I nited States PharmacoiK)eia, Articles 
of Incorporation. Abstract of Proceedings, Membership of the 
Cnited States Pharmacopoeia! Convention of 1910, General 
Principles Recommended by the I nited States Pharmacopoeial 
(\)nvention of 1910 to be followed in revising the Pharmacopoeia, 
and International Protocol (P.I.) Standards. Pages 1 to 10 com¬ 
prise the (jeneral Notices, followed by the Monographs on Vegetable 
and Animal Drugs, Chemicals, and Preparations, extending from 
page^ 11 to 613. Pages 611 to 923 give extensive information on 
the subjects of General Tests, Processes, Apparatus, Reagents, and 
Tables, followed by an index of 33 pages. 

There is little realization of the tremendous amount of work that 
gcHis into the revisi<fii of the Pharmacopoeia. Most of the work is 
done gratis by members of the profession; otherwise the price of the 
book would be prohibitive. Much more could be written concern¬ 
ing the Pharmacopoeia, but the student is referred to the book itself 
for interesting and informative details. 

The National Formulary. It is customary to attach greater 
importance to pharmacopoeias than to formularies. In Europe, 
when regulations concerning uniformity in medical practice became 
necessary, formulcyries appeared. They w^ere known by many 
titles, such as the’“Riccettario,” “ Antidotarium,” “Formulario,” 
“Thesaurus,” “Enchiridion,” and “Dispensatorium.” The term 
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pharmacopoeia gradually replaced these various titles for the official 
standards. The term codex is used in connection with the titles of 
the French pharmacopoeia and the “British Pharmaceutical 
Codex.” The latter book is a legal standard in parts of the British 
Empire but is not a pharmacopoeia; therefore, the use of the term 
codex is acceptable. 

There are formularies of many kinds in the United States, both 
pharmaceutical and technological. It is not possible to discuss 
these in detail, but mention should be made of the fac t that hospital 
formularies are increasing in number. These add to the con¬ 
venience of the hospitals in manufacturing and dispensing the drugs 
and medicines used in them. Since hospital formularit^s are pre¬ 
pared for local conveinence, not man> of them are of general interi^t 
or use. The formulary that deserves special mention is the National 
Formulary. 

The National Formulary was first published in 1888. It has 
been revised every 10 years since then, the eighth and latest edition 
appearing in 1915. Like the PharmacopmMa, it will Ik* revised 
every 5 years in the future. The committee of revision of the 
National Formulary is comprised of 10 men elected by the council of 
the American Pharmaceutical Association. The chairman of the 
committee is elected in the same manner, and each memb(*r of the 
committee is chairman of a subcommittee that is responsible for 
revising a certain division of the book. With the approval of the 
council, the subcommittee chairmen choose the members to serve 
with them on their subcommittees. The National Formulary, like 
the Pharmacopoeia, is a legal standard, being accepted as an 
authoritative reference in matters of legislation. 

The “New York and Brooklyn Formulary,” which was published 
in 1884, is looked upon as a precursor of the National Formulary. 
The idea of such a formulary as the latter was in the minds of the 
members of the American Pharmaceutical Association and was 
given much consideration, over a period of many years, before it 
was finally issued. 

The present arrangement of the National Formulary is similar 
to that of the Pharmacopoeia, f.e., the monographs are arranged 
alphabetically according to English titles. The first five editions, 
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liowever, were different in arrangement. The simples comprised 
one part and the compounds another part of the monographs. This 
is mentioned because it illustrates the plan of arranging the material 
in old formularies and pharmacopoeias. The National Formulary 
is the property of the American Pharmaceutical Association, and 
the council passes upon matters pertaining to it and directs the 
printing and distribution of the book. 

There is close cooperation between the committees of revision of 
the Pharmacopoeia and the National Formulary. By this means 
no monograph that appears in one book is duplicated in the other 
in concurrent revisions. It often happens that a monograph that 
has appeared in a prior issue of either bcx)k is adopted by the 
companion book. This is done by agreement or after the title has 
been deleted from one text or the other. 

The sixth and later editions of the National Formulary are 
great improvements over earlier issues. These have increased the 
popularity and usefulness of the book, which should be found, along 
with the Pharmacopoeia, in every pharmacy. Among its valuable 
features are the monographs on “Beagents and Preparations for 
I se in tlie Clinical Laboratory,” “Ingredients of Reagents and 
Preparations for I se in the Clinical Laboratory,” “General Tests, 
Processes, and Apparatus, ” “Reagents, Test Solutions, Colorimetric 
Solutions, Indicators, ^ olumetric Apparatus, Volumetric Solutions, 
Hydrogen Ions and pll” and a “Table of Optical Crystallographic 
(Vnistants,” on pages 568 to 791. 

The “Homeopathic Pharmacopoeia of the Inited States” 
appeared first in 1897. The fifth and most recent edition was 
ndeased in 1938. It is recognized as a standard in the enforcement 
of the Federal Food, Drug, and Cosmetic \ct. 

American Disivensatories* Dispensatories are extensiv^e com¬ 
mentaries on official and unofficial diugs and pharmaceutical 
products. They are accepted for their value as reference books by 
physician and pharmacist alike. They have been v\’ell developed 
and extensively used in America. The first dispensatory to appear 
in the United States was the “American Dispensatory,” published 
in 1806 by John Redman Coxe. This book went through five 
editions, the last appearing in 1831. In 1810 Dr. James Thatcher 
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edited “The American New Dispensatory” by order of the Massa¬ 
chusetts Medical Society. It went through four editions, the last 
appearing in 1821. In 1833 George B. Wood and Franklin Bache 
published “The ‘United States Dispensatory.” It was revised 
many times by the original editors and has been kept up to date by 
its friends for many years and through many editions and revisions, 
the latest being the twenty-third edition, published in 1913. 

“The National Dispensatory” first app<^‘ared in 1879, published 
by Alfred Stille and John Maisch. It went through five editions, 
the last appearing in 1896. This book was continiK'd in 1903 under 
the title “The National Standard Dispensatory,” being completely 
rewritten and revised by new editors. 

In 1852 John King and Robert S. Newton edited a different kind 
of dispensatory, entitled “Eclectic Dispensatory of the I nited 
States.” Up to 1909 the book had 19 editions. The text was 
devoted to those drugs and formulas of interest to the American 
eclectic school of medicine. The eclectic school of medicine, which 
originated in America, was a movement in opposition to the estab¬ 
lished practice of using drastic remedies suc h as bleeding, blistering, 
and the salts of mercury and antimony. This new school sought to 
use milder remedies, usually of vegetable origin, for the treatment of 
specific conditions. 

Other References. “The Pharmaceutical Recipe Book,” 
published by the American Pharmaceutical Association, has 
appeared in three editions, in 1926, 1938, and 1913. It contains 
many useful formulas for preparations formerly official and still in 
wide use and many others of value to the pharmacist interested in 
the manufacture of side lines on a small scale. 

Textbooks in Pharmacy. Tliere were textbooks upon the 
techniques and apparatus of pharmacy as early as the sixteenth 
century. Such texts were rather numerous in Germany and France 
in the seventeenth century, but England was no bc'tter off than the 
United States in this respect. Carl Friedrich Mohr, a German, was 
the first to describe the apparatus and manipulations pertaining 
to the profession. His book “Lehrbuch der Pharmazeutischen 
Technik,” publbhed in 1847, filled a great need in England and 
America. It was soon translated into English by Theophilus Red- 
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wood for use in Great Britain. In 1849 William Procter, Jr., 
issued an extended edition of Redwood^s translation, making it a 
useful book for students of pharmacy in America. It was a practical 
text and described and explained most of the fundamental pro¬ 
cedures. However, it was never revised. The fact that English- 
speaking pharmacists had no textbook upon the subject of pharmacy 
until about a century ago indicates something of the educational 
status of the profession at that time. 

The first truly American textbook dealing with the profession was 
published by Edward Parrish in 1855, It was entitled “Introduc¬ 
tion to Practical Pharmacy “ and was designed to be used as a text 
for medi(*al students whom Parrish taught at a private school of 
practical pharmacy. The second edition appeared in 1859 and the 
tliird in 1861, and at this time the title was changed to “A Treatise 
on Pharmacy.” Parrish died in 1872, and Thomas Wiegand con¬ 
tinued the book, publishing the fourth edition in 1871 and the fifth 
in 1881. Each edition became increasingly valuable as a text for 
pliarmacists. 

In 1885 the first edition of Remington’s “The Practice of Phar¬ 
macy” appeared. The author carried it through five more editions, 
in 1889, 1894, 1905, 1907, and 1917. The seventh edition appeared 
in 1926 and the eighth in 1956, edited by Remington’s friends and 
associates at the Philadelphia College of Pharmacy following his 
death in 1917. The book is voluminous because it contains most of 
the monographs of the Pharmacopoeia and the National Formular>, 
in addition to much other useful pharmaceutical information. It 
has been pi^pular for a long time as a text and reference for students 
and pharmacists. 

In 1887 Reinhold Bother published “The Beginnings in Phar¬ 
macy.” This was a small handbook t>pe of text, which was well 
received. The author died in 1889, and the book was not 
republished. 

The “Handbook of Pharmacy,” by \irgil Coblentz, was a 
concise treatise on pharmacy. It appeared first in 1894, and the 
second edition was published a year later. It emphasized the 
chemical aspects of pliarmacy but was not continued beyond the 
second edition. 
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A book that has been well received as a text in pharmacy is 
“Treatise on Pharmacy,” by Charles Caspari, Jr., the first edition 
of which was published in 1895. The author carried the book 
through five editions, the fifth appearing in 1916 at about the time 
of his death. The book was revised in 1920, 1926, and again in 
1939 by E, F. Kelly, former pupil and associate of Caspari at the 
University of Maryland Oillege of Pharmacy. It is essentially a 
text for students in beginning pharmacy and wscrvcs this purpose 
well because it is lucidly written and systematically arranged and 
offers explanations that are helpful. 

Another of the textbooks in pharmacy is II. V. Amy’s “Principles 
of Pharmacy.” This was first published in 1909, the second and 
third editions appearing in 1917 and 1926 respectively. The fourlli 
edition appeared in 1937, with R. P. Fischelis as collaborator. The 
book consists of seven parts, four of which pertain to pharmacy and 
three to chemistry. It differs from other texts in that it has an 
extensive but not entirely up-to-date bibliography at the end of each 
chapter. This should encourage students to consult the original refer¬ 
ences for information upon many subjects of interest to pharmacists. 

In 1917 E. A. Ruddiman published his “Pharmacy, Theoretical 
and Practical.” It was revised and enlarged in 1926, but later 
revisions have not appeared. In 1931 I. V. S. Stanislaus published 
“A Textbook of Pharmacy,” with chapters on pharmacology, 
dispensing, and jurisprudence. 

In 1932 II. C. Washburn and C. J. Klemme published “Beginning 
Pharmacy.” Part I is devoted to theoretical considerations and 
Part II to laboratory exercises. One of the more recent texLs in 
pharmacy is “Fundamentals of Pharmacy,” by W. II. Blorne and 
C. H. Stocking, published in 1939. Part I pertains to the theoretical 
and Part II to the practical aspects of the subject. 

In 1945 R. A. Lyman and collaborators published “American 
Pharmacy,” an innovation in pharmacy texts. Part I is given to 
the consideration of fundamental principles and practices, Part II to 
pharmaceutical preparations, and Part III to biologicals.^ In 1947 
Volume 2 of “American Pharmacy” appeared, edited by R. A. 
Lyman and a different set of collaborators. Part I perteuns to 

^ The reviHed second edition appeared in 1948. 
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advanced pharmacy, Part II to medical, surgical, and dental 
supplies, and Part III to animal-health pharmacy. Both volumes 
are well illustrated. “Pharmaceutical Preparations,” 1948, by 
George E. Crossen and Karl J. Goldner, is a concise book covering 
the official galenicals. 

Books on Dispensing and Prescription Practice. With 
respect to the subject of pharmacy the books just described are of a 
general nature and designed to be of help to the beginner in phar¬ 
macy or to serve as a reference for the busy practitioner. In 
keeping with the rapid educational advance of the latter part 
of the nineteenth and the early part of the present century, books in 
specialized fields of pharmacy began to appear. Such texts in the 
fields of chemistry and materia medica were already known. 

The first of these books appeared in 1895. It was “The Art of 
("ompounding,” by W. L. Sc'oville, who carried the book through 
four revised editions in the years 1902, 1901, 1914, and 1927. The 
sixth edition was much enlarged in 1937, with J. L. Powers as 
collaborator. The seventh edition was revised by G. E. Crossen 
and J. L. Powers, in 1943, being completely rewritten and having 
the former arrangement of chapters altered. 

A second book of this kind was published in 1897 by E. A. 
Ruddiman, entitled “Incompatibilities in Prescriptions.” This 
book has gone through fi\e revisions appearing in 1900, 1908, 1917, 
1925, and 1936. The 1936 edition w as rewritten with the assistance 
of A. B. Nichols and reset. 

An elementary treatise upon the subject of dispensing was 
published by J. H. Beal in 1908, entitled “Prescription Practice 
and Dispensing.” A fourth text of this character was published 
in 1935 by W. J. Ilusa, entitled “Pharmaceutical Dispensing.” 
The third edition, much enlarged, app)eared in 1947. 

These hooks have all had wide acceptance, the most popular 
one for a long time being Ruddiman’s “Incompatibilities in Pre- 
stjriptions.” The title appealed to pharmacists, because in pre¬ 
scription work incompatibilities are ever-present problems. 

The fact that these books, although restricted largely to 
dispensing problems, have lK*en widely used by pharmacists is 
indicative of the educational and technical progress which has 
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been made in American pharmacy during the past six decades. 
With a rapidly changing materia medica, frequent revisions of 
such reference books are imperative. 

Books on Materia Medica and Pharmacognosy. Books on 
the subjects of materia medica and pharmacognasy in America 
have not been numerous. A few, however, are well known and 
widely used in schools of pharmacy. The first of these was pub¬ 
lished by John M. Maisch in 1882, entitled “The Manual of Organic 
Materia Medica.” It was never revised. In 1894 L. K. Sayre 
published “Organic Materia Medica and Pharmacognosy,” which 
was revised in 1899 with W. C. Stevens as collaborator. In 1896 
D. M. R. Culbreth first published “A Manual of Materia Medica 
and Pharmacology.” This was an extensive and informative Ixxik 
that went through six editions, the last btnng in 1917. Two books 
that proved to be extensive treatments and that were popular for a 
time were those published by Henry Kraemer in 1915. They were 
entitled “Applied Economic Botany” and “Scientific* and Applied 
Pharmacognosy.” The latter was revised by the author in 1920. 
The third revised edition appeared in 1928, published by an editorial 
board composed of E. L. Newcomb, L. K. Darbaker, E. B. Fischer, 
and E. N. Gathercoal. 

A new textbook in pharmacognosy based upon the third edition 
of Kraerner’s pharmacognosy was the text “Pliarmacognosy,” 
published in 1936 by E. N. Gathercoal and E. 11. Wirth. 

In 1914 H. W. Youngken first published “A Textbook of Pharma¬ 
cognosy.” This has gone through five revisions, the latest appear¬ 
ing in 1943. It is an extended and valuable text. Tlie subject of 
pharmacognosy was given emphasis in a text entitled “Pharma¬ 
cognosy and Materia Medica,” by H. C. Washburn and W. H. 
Blome, published in 1927. This contained a chapter on vitamins 
and one on insulin by Walter Pitz. 

A textbook entitled “Pharmaceutical Therapeutics” was first 
published by E. V. Lynn in 1928 and revised in 1938. This was 
written for use as a text in schools of pharmacy. 

Books on Chemistry and Pharmaceutical Chemistry. The . 
data on early textbooks on the subjects of chemistry and pharma¬ 
ceutical chemistry are not only meager but scattered, so that it is 



THK ESSENTIAL PHARMACEUTICAL LITERATURE 113 


almost impossible to form a complete idea of the development of 
this aspect of the literature, it would be interesting, if time and 
space permit t(‘d, to pn^sent the historical background of modern 
chemistry from its beginnings in l'>gypt and its survival through the 
long p<‘rifKl of alchemy to the period of iatrochemistry of the later 
medical clunnists. The latter served as the link between alchemy 
and modern chemistry. Modern pharmacy is rooted in the 
sciences of biology and chemistry. Pharmaceutical chemistry is a 
modern term that indicates that the science of chemistry has been 
adapted to the needs of pharmacy. 

In this brief resume of textbooks on chemistry the discussion will 
center on early American texts. Our early writers of texts on 
chemistry were physicians. Early American teachers of, and 
writers on, botany and materia medica were also usually physicians. 
The early Ameru an pharmacopoeias, including the Pharmacopoeia 
for several decades, were written by medical men. It has been 
stated that Dr. Benjamin Rush (1715-1813) was the first American 
to publish a book on chemistry. The date is given as 1770. Janu^ 
W(K)dhouse (1770-1809) was the first to write an exTierimental 
guide for students of chemistry. It was called “Young Chemists’ 
P(K’ket ('loinpanion.” John (iorhain (1783-1829) wrote a treatise, 
“Th(» Elements of (Chemical Science,” which appeared in two 
Nolumes in 1819 and 1820. 

In England, (ieorge Fownes (1815-1817) was the author of 
“Elementary Chemistry, Theoretical and Practical.” The book 
was taken through several editions by R. Bridges: some of these 
were American editions, indicating its use here. A popular and 
widely used textbook on chemistry was “Chemistry, Medical 
and Pharmaceutical,” written by John Attfield, professor of 
chemistry for the Pharniaceutical Society of Great Britain. It 
was first published in 1867 in London. The first American edition 
appeared in 1870 and was written in response to the requests of 
interested friends in the United States. 

In America, in 1881, John Uri Lloyd wrote his “Chemistry of 
Medicines.” In 1884 Dr. William Simond first issued his “Manual 
of Chemistry.” In 1886 E. 11. Bartly published his “Textbook of 
Medical and Pharmaceutical Chemistry.” Oscar Oldberg ^nd 
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J. H. Long published a “Laboratory Manual of Chemistry, General 
and Pharmaceutical” in 1887. In 1894 F. J. Wulling published 
“An Elementary Course in Inorganic Pharmaceutical C4iemistry.” 
The following year, 1895, S. P. Sadtler and H. Trimble published the 
first edition of their “Textbook of Chemistry for the I se of Pharma¬ 
ceutical and Medical Students.” This book has gone through six 
editions, the last in 1927, edited by F. P. Stroup. 

Books on Applied Chemistry and Qualitative and Quantita¬ 
tive Analysis. The rapid advances that were made in chemistry 
in the last half of the nineteenth century are reflected in the text¬ 
books that appeared on the subjects of assaying, organic analysis, 
qualitative and quantitative analysis, and other phases of applied 
chemistry. Many of these were written by teachers of chemistry 
in American schools of pharmacy and present problems of interest to 
the pharmaceutical chemist. A number of these are listed chrono¬ 
logically as follows: 


1873 “Manual of Chemical Anal>8is as Applied to the Kxnininatioii of Medici¬ 
nal Chemicals,” by Frederick HolFitinnn. 

1875 “Outlines of Proximate Organic Analysis,” by A. B. Pres('ott. 

1877 “Qualitative Chemical Analysis,” by Prof. Douglas and A. B. Prescott. 
1879 “First Book of Qualitative Chemistry,” by A. B. Prescott. 

1883 “Examination of Medicinal Chemicals,” by Frederick HolTmann and 
F. B. Po>»ers. 

1886 “Manual of Practical A8.saying,” by A. B. Lyon. 

1886 “Practical and Analytical Chemistry,” by H. Trimble. 

1887 “Organic Analysis,” by A. B. Prea<‘ott. 

1889 “I^essons in Qualitative and Volumetric Chemical Analysis,” by C. O. 
Curtmaii. 

1890 “Uses, Tests for Purity and Preparation of Chemical Ileagents,” by 
C. O. Curtinan. 

1894 “Te\tlKX>k of Volumetric Analysis,” by H. W. S<*himpf. 

1899 “HandlKK)k of Practical Assaying of Drugs and (Jalenicals,” by A. B. 
Lyon. 

1899 “A System of Instruction in Qualitative Chemical Analysis,” by A. H. 
Eliiott and G. A. Ferguson. 

1901 “A Manual of Volumetric Analysis,” by V. Coblentz. The second 
edition appeared in 1909 with A. Vorisek as collaborator. 

1903 “Essentials of Volumetric Analysis,” by H. W. Schimpf. The text was 
revised in 1909, 1911, and 1917. 

1905 “A Systematic Course of Qualitative Chemical Analysis,” by H. \V. 
Schimpf. A. 1. Cine was collaborator for the fourth edition. 
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1914 “A Laboratory Manual of Elementary Qualitative Chemical Analysis,” 
by A. R. Bliss. This was revised several times, the fifth edition appear¬ 
ing in 1928, with H H. Schaeffer as the senior author. 

1920 “A Lal>ora1ory Manual of Qualitative Chemical Analysis,” by T. J. 

Bradley. The book was carried through several editions. 

1928 “Qualitative Analysis for Students of Pharmacy and Medicine,” by 
C. B. Jordan. The second edition appeared in 1938, with H. G. DeKay 
as collaborator. 

1930 “Quantitative Pharmaceutical Chemistry,” by G. L. Jenkins and A. G. 

DuMez. The scH'ond edition was published in 1937, the third in 1919. 
1930 “Inorganic Pharmaceutical Chemistry,” by Charles H. Rogers. The 
second edition appeared in 1936, the third in 1913, the fourth in 1948. 
1941 “Organic Chemistry,” by Eldin V. Lynn, revised in 1915. 

1911 “The Chemistry of Organic Medicinal Products,” by Glenn 1^ Jenkins 
and Walter H. Ilartung. The second edition appeared in 1913 and the 
third in 1918. 

Book» on the History of Pharmacy. Books by American 
writers having to do i\ilh the history of inedirine and the sciences 
are numerous, but texts on tlie history of pharmacy are few in 
number. Much pharmaceutical history, however, is to be found 
in b(K)ks on the history of medicine, botany, and chemistry. For 
this reason it is necessary to include such titles in a list of references 
for the history of pharmacy. 

The Historical Section of the American Pharmaceutical Associa¬ 
tion was organized in 1902 and has held sessions each year at the 
time of tlie annual convention of the association. During these 
years more than five hundred papers upon various phases of 
historical pharmacy have been presented before the section. A 
number of these ha\e been published, but the great amount of 
information that is available in such a list of papers lies buried in 
the archives of the assoc'iation, to be made available, it is to be 
hoped, by able historians of the future. 

“The Pharmaceutical Syllabus“ (tentative fifth edition) outlines 
the coui'se of the liistory of pharmacy in considerable detail. 
Included also are outlint's for the ethics and literature of pharmacy. 
To give serious study to these tliree subjects in one course is no 
small task, but they are all deserving of attention in a modern 
curriculum dealing with the study of pharmacy. 

In the Journal of the American Pharmax^eutical Association for 
1936 to 1939 are to he found lists of texts on the history of pharmacy 
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that should be helpful to students.^ A selected list of these refer¬ 
ences is given here in chronological order, with tfie author, title, and 
publisher. In some cases this information is not complete. A brief 
comment or statement is giv en relative to each text. 

Pareira, J. “The Elements of Materia Mediea and TherajHMities,” .Id 
American ed., Vol. 1 (18.52), Vol. 2 (1851), edited by Jos(*ph Carson. 
These volumes ha\e Ix'en referred to as an encyclopedia of materia mediea. 
PmuLiPPE, A. “Histoire des apothicaires/* 1855. The l)<K)k is written b> a 
physician and is the first attempt at a history of pharmacy. 

Ludwig, H. “Geschichte der Apotheker,” 1858. Ludwig’s hook of 1,122 
pages contains extensive data on the outstanding pharmacists in Euro^K? 
over a j>eriod of six centuries. 

Bell, J., and T. llEDWfxm. “Historical Sketch of the Progress of Pharma<‘y 
in Great Britain,” 1880. The first part of the lKK>k was written in 1812 by 
Jacob Bell. Theof)hilu8 Redw'ood’s long px^riod of constructive pharma¬ 
ceutical service makes it authoritative for British pharmacy. Copies are 
still available. 

Peters, H. “Pictorial History of Ancient Pharmacy,” 1800. Translated 
from the German by VV illiam Netter. The book is out of print, but copies 
may still lx* available. It is very readable and well illustrated. 
Andre-Pointier. “Histoire de la pharinacie, moyen Sge, Umips moderm*,” 
1900. This l>ook of 729 pages is devoted largt*ly to the history of French 
pharmacy. 

ScHEi>ENZ, H. “Geschichte der Pharma/ie,” 1901. This is a standard work 
of 935 pages and is in some respects the njost comprehensive treatise upon 
the subjec't. It is really not a history but an encyclojx»dia on innumerable 
subjects |>ertaining to pharmacy and is valuable as a referenre. 

Barrett, C. B. B. “History of the So<dety of the Apothe<aries,” 1905. A 
detailed history of the Sotdety of the Apothecaries from 1617 to 1780. 
“Hidf a Hundred Years of Development,” Drugiji^is' Circ. ,51, 1-91 (January, 
1907). To celebrate its (iolden Jubilee the Drngguth" Circular for January, 
1907, was dedicated to the history of pharmacy in America. There are 
many interesting pap<Ts upon all phawjs of American pharmacy in this 
issue. Pictures of many illustrious pharmacists of the piTiocl are imduded. 
WooTTON, A. C. “ChronieUwi of Pharmacy,** 1910. A good reference in two 
volumes, with fine illustrations. 

Kelly, H. A. “Some American Medical Botanists,” 1914. The book con¬ 
tains interesting sketches of some of our great medical lx)tanists. 
Kremers, E. “Bibliographical Guide (or the Students of the History of 
Pharmacy,** 1916. 

* J. Am. Pharm, Assoe. 25 , 1172 (19,36); 26 , 1106 (1937); 27 , 1118 (19,38); 28 , 
923 ( 1939 ). 
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BniiNTZ, L., and M. Jaix)UX. “Plantes officinales,” 1918. It is not so indi¬ 
cated in the title, but there is a valuable general account of the pharmaco¬ 
poeias of the world up to the time the IxKjk was published. 

Falck, a. “Die Ar/neibiicher,” 1920. This book gives an extended account 
of the pharmacopoeias of the world. 

Eivcland, J. VV. “The First Century of the Philadelphia College of Pharmacy, 
1821-1921,” 1922. A detailed history of America’s first college of phar¬ 
macy. Suppleirients for the years 1921 to 19.‘U and 1932 to 1911 are also 
available. 

11 \iJBENHp:iMKn, O. “Early History of Pliarmacy of America.” This is a 
short history of 21 pages, \vhich appeared in the pharmacy numl)er of 
Medical Life 33 (No. 2), (1926). 

LaWaix, C. H. “Four Thousand Years of Pharmacy,” 1927. An interesting 
l)Ook but in no scmse a liistory text. It is illustrated. 

SxRTON, (1. “ Introduction to the History of S< ience,” Vol. I, 1927. This and 

suc(*eeding volumes constitute a helpful reference book on the history of 
the .st'iences. 

Thdanc;, (i. “Wesen und Bedeiitung der Geschichte der Pharmazie,” 1927. 
This l)Ooklet of 11 pages dis<;us.ses the importance of the history of 
pharmacy. 

“Plough Court -The Story of a Notable Pharmacy,” 1927. The book gives 
an inteiesting history of the old Plough Court Pharmacy in London. It is 
well illu.strated and documented. The story in no way pertains to Ameri¬ 
can pharmacy; yet it |x)rtrays the dexelopment of a pharmaceutical house, 
Allen and Hanbury, tlial is known througlHHit the world and hence is of 
great interest. 

SiNOER, C. “PYom Magic to Science,” 1928. English herbals, magic, and 
science are dis<’uss<'d in an interesting and readable manner. There are 
108 figures and 11 colored plates. 

WiMMKR, C. P. “The College of Pharmacy of the City of New York—A 
History,” 1929. An intimate history of the college. 

Thompson, C. J. S. “The Mystery and Art of the Apothecary,” 1929. This 
is an invaluable and interesting bix>k written by an author in the held. 

“ Hevue d’histoire de la pharmacie” is iH.sued as the BuUelin de la Si)ciete d'histoire 
de la pharmacie. Volumes 1, 2, and 3 appt‘ared in 1930, 1931, and 1932, 
respectively. Later volumes have been published also. 

Stvjbbs, S. G. B., and \V. Butai. “Sixty Centuries of Health and Physic,” 
1931. This is a valuable reference lxx)k. It contains an interesting 
account of health, dist^ast', and superstitions from ancient to modern times. 
It is illustrated with plates and is well documented. 

Blanton, W. B. “Medicine in Virginia in the Eighteenth Century,” 1931. 
Chapter 3 is an interesting account of early pharmacies and the drug busi¬ 
ness in America. 

DE Rosbmont, L. B. “Histoire de la pharmacie & travers les figes,” 1931. 
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This is a work of 1,266 pages in two volumes and is perhaps the best general 
history of pharmacy published in France. 

Adluno, P. a., and G. Urdang. “Grundriss der Geschichle der deutschen 
Pharmazie,” 1935. This treatise of 647 pages is a general history of 
pharmacy in Germany and should be of value to teachers of the subject. 
Grier, J. “A History of Pharmacy,” 1937. A history of ancient medicine, 
alchemy, herbal remedies, animal drugs, and modern pharmacy in Great 
Britain. 

Arber, a. “Herbals, Their Origin and Evolution, A Chapter in the History 
of Botany 1470-1670,” 1938. The book is well written and interestingly 
illustrated. 

Ornstein, M. “The Role of the Scientific Societies in the Seventeenth Cen¬ 
tury,” 1938. A treatise on the learned societies, colleges, and journals of 
Europe and England. An earlier edition was publislu^d in 1913. 

Kremers, E., and G. Urdang. “History of Pharmacy,“ 1940. This first 
real American text on the history of pharmacy is excellent as a guide and a 
survey. To read it is to l)€come convinced that pharmacy is a profession 
and deserves to be considered an ancient and honorable calling. Every 
pharmacist should read it. 

Co<mER, J. \V. “Tutorial Pharmacy,” 3d ed., 1941. The first 39 pages are 
devoted to the History of Pharmaceutists, and Chap. 31 is an Outline of 
the Development of Bacteriology. 

Journals of Pharmacy. An interesting phase of the history 
of American pharmacy is to be found in a study of the pharma¬ 
ceutical journals. Numerically speaking, the United States has 
had more than its share of journals devoted to, or of interest to, 
pharmacy, but as to their quality one might raise many questions. 

The American Journal of Pharmaceutical Education for April, 
1943, contains a list of more than five hundred titles of pharma¬ 
ceutical journals, of which the majority are American. 

This list shows that many of the journals went through various 
changes in titles and numerous consolidations. An even larger 
number ceased to exist after a few years or, in a few cases, within a 
few months. Though so many pharmaceutical journals were 
short-lived, there still remains a list that is entirely too long, 
composed mostly of trade journals of local or otherwise restricted 
interest. 

It is an interesting historical fact that the appearance of these 
many journals coincided with other developments in American 
pharmacy such as the growth of schools and colleges, state associa¬ 
tions, state laws governing the practice of pharmacy, and state 



THE ESSENTIAL PHARMACEUTICAL LITERATURE 119 


boards of pharmacy. These developments are evidence of a 
rapidly growing profession in a country that extended its frontiers 
westward within the short period of a few decades. It would seem, 
therefore, that the great number and variety of pharmaceutical 
journals reflect the pharmaceutical response to the changing social, 
economic, and political conditions that were to be found in the 
I nited States following the Civil War. 

It is not an easy task to evaluate the many journals in pharmacy. 
For the most part they represent trade interests, and these interests 
are not much concerned about the nature and character of pharma¬ 
ceutical publications, inasmuch as they are primarily motivated by 
the ways and means of advertising. Conversely, professional 
pharmacists and pharmaceutical educators are not as a rule inter¬ 
ested in trade journals, and the situation remains unimproved. In 
fact, several of the older semiprofessional journals that used to 
furnish good reading for practicing pharmacists have in recent 
years become more sensational and less valuable. 

In 1910 Ellsworth^ made an interesting study of the journals of 
pharmacy. He had 111 journals evaluated by a group of pharma¬ 
ceutical educators. In this list were journals on the subjects of 
chemistry, biology, and medicine as well as pharmacy. He writes. 

Trade journals do not appear in the top half. This should he hearten¬ 
ing to those who believe that the fundamental chemical, biological, and 
medical disciplines should dominate education in pharmacy. Likewise, 
it shows that the trade journals do not rank high in the opinion of the 
professors of pharmacy. 

lie does not dismiss the problem but goes on to say, 

The place f)f the trade journals in a pharmacy library would seem worthy 
of discussion. Some of these are purely commercial, serving as advertis¬ 
ing media for all kinds of goods. Some professors argue that trade journals 
have no place in the library. Others maintain that they are needed for 
their negative values. In other words, the instructors can analyze and 
expose fallacious advertising for the students. Instructors who are 
interested in the problem of controlling the sale and use of quack remedies 

' R. E. Ellsworth. “An Evaluation of Pharmacy Journals/’ Am, J. Pharnu 
Edwniion 4 , 14-19 ( 1940 ). 



120 PRINCIPLES AND PROCESSES OF PHARMACY 


will need the trade magazines, both honest and unscrupulous. Their chief 
danger in a pharmacy list lies in their attractiveness, which will often 
seduce a student’s attention and use his valuable time. 

The reader is referred to this paper for details. It will be observed 
that the trade journals, some of which are widely distributed, are 
very low on the list. It might be enlightening to have other evalua¬ 
tions, especially from those practicing pharmacy. 

Many years ago Rusby^ wrote critically of the influence of phar¬ 
maceutical and medical journals upon materia modica. He referred 
to the past when it was not uncommon for physicians to be stcK'k- 
holders in companies that manufactured nostrums. He writes. 

The influence of the medical and pharmaceutical journals upon these 
conditions should not be overlooked. With few exceptions, these agencies 
have led a dual life, the one represented in their editorial management, 
the other in their advertising pmges. To criticisms, they reply that the 
reader is to look in the editorial portions for such principles as the journal 
espouses, and for such advice as it is disposed to give. Those who prefer 
to accept information and advice from the interested parties who advertise 
are to regard the advertising pages as m much spice hired by the advertiser, 
for stating his case, for which the journal, as a moral agent, assumes no 
responsibility. Not only is this view incorrect and improper, hut its infill- 
ence and effect upon the materia medica have been un(pjaliliedly bad. 
Even if left to themselves, neither the lay nor the professional public will 
dissociate the influence of the journal from that of its advertisements, 
and as a matter of fact, the journals usually endeavor to make themselves 
as useful as possible to dishonest advertisers. On the whole, it is not Uxi 
much to say that the advertising of unworthy things in the medical and 
pharmaceutical journals has been one of the most potent influences in the 
corruption of materia medica. 

Since Rusby wrote these lines the Journal of the American 
Pharmaceutical Association has appeared. Published monthly as 
the organ of the American Pharmaceutical Association, it has 
maintained an effective editorial and professional policy. Inasmuch 
as fewer than 15 per cent of the pharmacists of the country hold 

> H. H. Rusby. “Fifty years of Materia Medica,” Druggists^ Circ. 51, 29-43 

( 1907 ). 



THE ESSENTIAL PHARMACEUTICAL LITERATURE 121 


membership in the association, the influence of the journal, although 
very good, has not been extensive. In 1940 the name of this journal 
was changed to the Journal of the American Pharmaceutical Associa¬ 
tion, Scientific Edition, and a new monthly journal was created with 
the title Journal of the American Pharmaceutical Association, 
Practical Pharmacy Edition. This is especially designed to interest 
the pharmacists, and arrangements have been made with a number 
of the state associations to have their membership receive this new 
journal, offering an e^xtended service by the oflie es of the assoe iation 
in Washington and help to the pharmacists of the countr>. 

The American Journal of Pharmaceutical Education appeared first 
in 1936. It is published quarterly and is the organ of the American 
Asvsociation of ('olleges of Pharmacy. While it is of primary 
interest to those in teaching, it should interest every professionally 
minded pharmacist. It reflects the high scholastic and professional 
standards of the leadership of American pharmacy to be found in our 
colleges of pharmacy. 

An assoi'iatJon journal of interest is the Bulletin of the National 
Association of Boards of Pharmacy. It is published monthly at 
('hicago by the secretary of the association and carries news of 
interest to the members of the state boards of pharmacy. 

The newspaper of American pharmac> is Drug Topics, published 
weekly in New York City by the Topics Publishing Co. It has the 
largest circulation perhaps of any of the pharmaceutical journals, 
being sent free to store owners. This is made possible by the 
exteoiiive advertising it carries. 

The oldest journal of pharmacy in America is the American 
Journal of Pharmacy, w hicli has been published by the Philadelphia 
College of Pharmacy since 1825. This journal has remained pro¬ 
fessional from the beginning. From its volumes can be obtained a 
continuous picture of American pharmacy not to be found elsewhere. 

In 1857 the second oldest American journal of pharmacy was 
founded. It was called the American Druggists' Circular and 
Chemical Gazette and later became known as the Druggists' Circular. 
It consolidated with Drug Topics in 1940. In January, 1907, the 
Druggists' Circular issued a Golden Jubilee number that contained 
194 pages of interesting accounts of persons and events in American 
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pharmacy. A journal that is well known and widely read is the 
National Association of Retail Druggists' Journal. This is essent ially 
a journal devoted to trade interests, but in recent >ears it has ^iven 
attention to professional problems. It is published bimonthly at 
Chicago. 

Several journals that were widely read a generation ago are no 
longer published. Among them were the Pharmaceutical Era, 
Spatula, and Midland Druggist. Among the older journals that 
still survive and have not >et been mentioned are the American 
Druggist, Merck Report, Northwestern Druggist, Oil, Paint arid Drug 
Reporter, Pacific Drug Review, and Southeastern Drug Journal. 

In 193.3 Mc'yer^ published a list of pharmaceutical journals by 
states. Naturally a larger number of these periodicals are to be 
found in those states which have large cities. This paptT was 
published with the thought that those interested would report 
errors, omissions, etc., which would aid in drawing up a more nearly 
complete and correct list, but the respr)nse was not encouraging. 

In 1913 Lee^ reported an extensive list of pharmaceutical journals 
and their abbreviations. Information is given concerning the 
beginning date of each journal, when the journal ceasc‘d publication 
if no longer published, consolidations and other changers, and the 
city in which published. Many journals in this rather compre¬ 
hensive list were very short-lived. A supplementary list appeared 
in 194^1.® Hocking, in 1913, published extensive lists pertaining to 
pharmacognosy and pharmacology.^ 

Some educators in the schools of pharmacy feel that journals are 
adjuncts to good teaching and think that students in pharmacy 
should know the better journals in the field. A good way to bring 
about this end is for teachers to assign a number of journal reference's 
for each student to read and report on. The attitude of editors and 
publishers of journals is not like that of educators. As a conse¬ 
quence, certain features in the journals result in inconvenience to 

* M. Meyer. “The Pharmaceutical Journals of the United States,” J. Am. 
Pharm. A»»oe, 22 , 421-9 (1933). 

* C. O. Lee. Am. J. Pharm, Education 7, 1811-217 (1943). 

* C, O. Lee. Am. J. Pharm. Education 8, 487-490 (1944), 

* George M. Hocking. Am. J. Pharm. Educaiion 7, 217-233, 234-212 (1913). 
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teachers and students. In 1939 Lee' pointed out the weaknesses 
that should be corrected to make many pharmaceutical journals 
more useful. His analysis applied espec ially to the trade journals. 
Among other things it was stated that any number of journals (1) do 
not page consecutively through the volume and (2) do not publish an 
index for the volume, both of which facts make it difficult to locate 
articles in bound volumes. Earlier in this chapter it was suggested 
that these journals are essentially mediums of advertising. For 
this reason the reading mattcT is often hard to find or at least is 
inconveniently placed. It is perhaps too much to expect such 
journals to serve ^^ell both the advertiser and the student. It will 
b<‘ observed that the most worth-while technical and professional 
literature is not obscun^d bv advertisements. The excessive adver¬ 
tising that is carried by the trade journals certainly makes binding 
them for future use rather questionable. Perhaps such journals 
should b(‘ read for their current news and then discarded. 

It is not iK'cessary here to give the reader a detailed description 
of the journals. Every school of pharmacy should have a library 
ac'Cf^ible to the students, so that they may become familiar with 
current periodicals. Professional journals, even those representing 
trade interests, carr> information about new items. Persons in the 
profession should read the journals in order to be informed, but it 
often happens that the long, busy hours required of pharmacists do 
not allow them sufficient time for productive reading. There are 
those who feel that the proft^sion of pharmacy will improve only as 
those who are part of it become more professional in their attitude. 
This in turn will be reflected in the kind and amount of literature 
they read. 

A selection for such study and use by students of pharmacy is 
given here. For each there is an abbreviation, the date of founding>, 
the title or titles, consolidations, and, if no longer published, the 
date it ceased to be published, and the city in which it is published. 
The abbreviations are those found in the “List of Periodicals 
Abstracted” by Chemical Ahsiracts, This constitutes a brief 
history of the journals. For a much more extensive list of journals 

' C. O. Lee. “How the Pharmaceutical Journals Could Help the Teachers 
of Pharmacy,” Am. J. Pharm, Education 4, 24 (1939). 
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devoted to pharmacy and its allied sciences, that prepared by the 
Committee on Libraries of the American Association of ("olh^ges of 
Pharmacy^ and the latest “Union List of Serials” should be 
consulted. 


PHARMACEUTICAL JOURNALS, 

THEIR ABBREVIATIONS AND HISTORY 

Am. Druggist 

New Remedies^ 1871-1883 
American Druggist, 1884-1893 

American Druggist and Pharmaceutical Record, 1893-1923 

American Druggist, 1923-. New York 

(Absorbed Aromatics, March, 1932) 

Am. J. Pkarm. 

Journal Philadelphia College of Pharmacy, 1B2.'>-183I> 

American Journal of Pharmacy, 1835-. Philadelphia 

(The journal contains sciiiie abstracts) 

Am. J. Pharm. Education 

American Journal on Pharmaceutical Education, 1937 - Lincoln, Neb. 
Am. Perfumer Essent. Oil Rev. 

American Perfumer and Essential Oil Review, 1906- 1936 
American Perfumer, 1936-1910 

American Perfumer and Essential Oil Rtniiew, 1910 New Y^ork 

Am. Profess. Pharmacist 

American Professional Pharmacist, 1935. New York 
Ann, pharm. frang. 

Annates pharmaeeuliques frangaises, 1943-. Paris. (A coiiihinatinn of 

Journal de pharmacie el de chimie and Rullelin drs sciences pharmaco- 
logiques.) 

Apoth. 

New England Druggist, 1888-1903 

Apothecary and New England Druggist, 1903-1901 

Apothecary, 1904 - . BosU^n 

Arch. Pharm. 

Archie der Pharmazie, 1822-1832, united with \1ngazin fiir Pharmazie form 
Annalen der Pharmazie, 1832-1834 

(The Archiv der Pharmazie separated from the Annalen in 1834) 

Archiv der Pharmazie, 183.5-1924 

Archiv der Pharmazie und Berichle der deutschen pharmazeutischen Gesellschaft, 

1924-. Berlin 

Australasian J. Pharm. 

Australasian Journal of Pharmacy, 1886-. Melbourne 

1 Am. J. Pharm. Education 7, 187-217 (1943). 
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Bril. Ahstracls 

British Chemical AMracls, 1926-1938 

British Chemical and Physmlogical Abstracts, 1938-1945 

British Abstracts, 1915-. l^>ndon 

Bull. Lloyd Library 

Bulletin Lloyd Library, Botany, Pharmacy, and Materia Medica, 1902 
CiiK'inriHti 
Can. Pharni. J. 

Canadian Pharmaceutical Journal, 1868-. Toronto 

Chem. Abstracts 

Chemical Abstracts, 1907-. ColiinihiiK 

(Section 17 is d«‘\o(<*(l to pharmaftMilical topics) 

('hemist and Druifyist 

Chemist and Druggist, 1859-. London 

Chem. Centr. 

(Jiemuiches ('entralblatt, 1897-. Berlin. (Contains abstracts) 

Deiit. Afxtth. Ztg. 

Afiotheker Zeitung. 1886-1933 
Standeszeitung Deutscher AjfHttheker, 1933-1931 

fJeulsche ifHdheker Zeitung, 1931-. Berlin 

Drug (A)smetic Ind. 

Weekly Drug Markets, 1911—1916 
Drug and Chemical Markets, 1916-1926 
Drug Markets, 1926-1932 

Drug ^ ('iOsmetic Industry, 1932-. New York 

Druggists^ Circ. 

American Druggists' Circular and Chemical Gazette, 1857-1866 
Druggists' CArcular and Chemical Gazette, 1866-1906 

Druggists' Circular, 1907-1910. (Consolidated with Drug Topics, November, 
1910) New York 
Drug Topics 

Drug Topics 1883-. New York 

Drug Trade Weekly 

Drug Trade Weekly, 1918-1922, with Pharmaceutical Era, 1923-1928, again as 

Drug Trade Weekly, 1928-. New York 

Ephemeris Materia Med., Pharm., Therap., Squibb's 

An Ephemeris of Materia Medica, Pharmacy, Therapeutics, and Collateral 
Information, Squibb's, 1882-1901. New York 
El Farm, 

El Farmaceulico, in S|>anish. New York 
Intern. Ind. 

Indian and Eastern Druggist, 1920-1937 
Indian and Eastern Chemist, 1937-1941 

International Export Chemist and International Chemical Industries, 1941-1944 
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International {Chemical and Export) Industry, 1944-1946 

International Industry, 1946-. London 

Interstate Druggist 

Midland Druggist, 1899-1909 

(Absorbed Pharmaceutical Review and Pharmaceutical Archives, 1909) 
Midland Druggist and Pharmaceutical Revieiv, 1909-1926. 

Interstate Druggist, 1926-. Columbu.s, Ohio 

J. Am. Pharni. Assoc. 

Journal of the American Pharmaceutical Association, 1912-1910. Suc¬ 
cessor to the Proceedings of the American Pharmaceutical Association, 
1852-1911, and the Bulletin of the American Pharmaceutical Association, 
1906-1911 

(The Proceedings of this organization contained abstracts) 

J. Am. Pharm. Assoc. Pract. Pharni. Ed. 

Journal of the American Pharmaceutical As.sociation, Practical Pharmacy 

Edition, 1940-. Washington, D.C. 

J. Am. Pharm. Assoc. Sci. Ed. 

Journal of the American Pharmaceutical As.sociation, Scientific Edition, 

X 940 -^ Washington, D.C. 

J. pharm. chim. 

Bulletin de pharmacie, 1809-1811 

Journal de pharmacie et des sciences accessitires, 181.5-18H 
Journal de pharmacie el de chimie, 1812-1912. Paris 

(Consolidated with Bulletin des sciences pharmacologiques as Annales pharma- 
ceuliques franqaises, 1912) 

Liebig's Ann. Chern. or Ann. der Chernie, Justus Liebig's 
Magazin fur Pharmazie und Experimental Kritik, 182.3-18.31 
Annalen der Pharmazie, 18,32-1812 
Annalen der Chernie und Pharmazie, 181,3-1872 

Liebig's Annalen der Chernie, 187,3-. Heidell)erg 

Merck Bepi. 

Merck's Monthly Bef)ort, 1892-1892 
Merck's Market Report, 1892-1893 

Merck's Market Report and Pharmaceutical Journal, 189.3-1895 
Merck's Report f Price List. 1896-19,3.3 

Merck Report, 1934-. New York 

Mfg. Chemist 

Manufacturing Chemist and Pharmaceutical, Cosmetic and Photographic Trade 
Journal, 1930-1932 

Manufacturing Chemist and Pharmaceutical, Cosmetic, and Perfumery Trade 
Journal, 1932-1936 

Manufacturing Chemist and Pharmaceutical and Fine Chemical Trade Journal, 
1936-. London 

Bull. (Natl. Assoc. Boards Pharm. Bull.) 

N^wnal Association Boards of Pharmacy Bulletin, 1935 - . Chicago 
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N.A.Ii.D.J, (Natl. Assoc*. Retail Drugj^ists* J.) 

National Ass(X‘ialion Hetail Druggists' Notes, 1902-1913 

National Association Detail Druggists' Journal, 1913-. Chicago 

Northwestern Druggist 

Northwestern Druggist, 1899-. St. Paul, Minn. 

(Absorbc^d the Wisconsin Druggist Exchange in 1902 and the Official Register 
in 1927) 

Oil, Paint Drug Reptr, 

Oil, Paint and Drug Reporter, 1871-. New York 

(Al)Sorbc*d New York Druggists' Price Current, 1871 

Absorbed Drug, Paint, and Oil Trade, 1875, Philadelphia 

Abscjrbed New York Drug Bulletin, 1875 

Absorbed Soap Makers ,Journal, 1882 

Absorbed Oil and Paint Review, 1883 

Absorbed Weekly Drug News and Prices Current, 1885 

Abs()rlM*d International Petroleum RejMwfer, 1922) 

Pacific Drug Rev. 

Pacijii Drug Review, 1888-. Portland, Ore. 

Pharm. Abstracts 

Pharmaceutical Abstracts, 1935-. Washington 

Pharm. Acta Jlelv. 

Pharrnaceutica Acta Helveliae, 1925-. Zurich 

(Scdentilic supplement to Schweizerische Ai>otheker~ZeUung) 

Pharm. Arch. 

Pharmaceutical Archives, 1898-1903. Milwaukcn* 

(Consolidated with .Midland Druggist and Pharmaceutical Rndew, 1903) 
Pharmaceutical .Archives, 1936-1915. Madison, Wis. 

Pharm. J. 

Pharmaceutical Journal and Transactions, 1811-1895 
Pharmaceutical Journal, 1895-1909 
Pharmaceutical Journal and Pharmacist, 1909-1933 

Pharmaceutical Journal, 1933-. I^ondon 

Pharm. Rev. 

Pharmazeufische Rundschau, 1883-1895 
Pharmaceutical Revieiv, 1896-1909 
(Consolidated with Midland Druggist, 1909) 

Midland Druggist and f^harmaceulical Review, 1909-1926 

Interstate Druggist, 1926-. q.v. Coluinbua, Ohio 

Pharm. Weekblad 

Pharmaceutisch Weekblad, 1864-. Amsterdam 

Pharm. Zeniralhalle 

Pharmazeututche Zeniralhalle fHr Deutschland, 1859 - . Dresden-Blasi^witz 

(Contain^ abstracts) 

Quart. J. Pharm. Pharmacol, 

Proceedings qf the British Pharmaceutical Conference, 1864-1869 
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Yfor Book of Pharmacy and Transactions of the British Conference or 
Year Book of Pharmacy^ 1870-1927 

Quarterly Journal of Pharmacy and Allied Sciences, 1928-1929 

Quarterly Journal of Pharmacy and Pharmacology, 1929-1918. London 

Journal of Pharmacy and Pharmacolmjy , 1919-. (Contains alwtracta) 

Schweiz, A path, Ztg, 

Schweizerische Apotheker-Zeitung, 1862-. Zurich 

(Journal suisse de pharmacie; Giornale svizzero di farmada.) 

Scientia Pharm. 

Scientia Pharmaceutica, 1933-. Vienna 

Southeastern Drug J, 

Dixie Pharmaceutical Journal, 1926-1928 
(Combined Southeastern Drug Journal, 1928) 

Southeastern Drug Journal, 1928-. \tlanta 

Southern Pharm. J. 

Southern Pharmaceutical Journal, 1908 l^allas 

Squibb Abstract Bull. 

Squibb Abstract Bulletin, 1928-. Brookivn 

Union pharm. 

V Union pharmaceutique, 1860 - . Paris 

(Journal of Pharmacy and Pharmacology, 1919-. Contains al>stra<*ts) 

Yearbook Am. Pharm. Assoc. 

Yearbook of the American Pharmaceutical Association, 1912-193.'>. Balt iinore. 

Journal of Pharmacy and Pharmacology, 1919-. (Contains abslracls) 

Journals from the continent were not available, for the most part, during 
World War 11. Some of them are being revived, some consolidaled, and others 
discontinued. 

House Organs. House organs are publications available to 
pharmacy and medicine and are issued by the manufacturing com¬ 
panies. They serve as mediums of advertising for the respective 
concerns and often carry papers, abstracts, or reviews of items of 
interest to the pharmacist and the physician. However, should 
pharmacists confine their reading to this type of journal they would 
not be informed of the trends in pharmacy as expressed in the 
activities of the colleges of pharmacy and the state, national, and 
related associations. The house organs have become more numer¬ 
ous in recent years and are sent free to the trade. They have 
limited current interest and value but play a minor role in the litera¬ 
ture of professional pharmacy. Examples of these journals are 
Tile and Till, published by Eli Lilly and Company; Modern Phar- 
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macy, by Parke, Davis & Company; and Whal's New, by the Abbott 
Laboratories, 

College Journals. Several of the seliools and colleges of phar¬ 
macy issue journals of various sorts, usually as student publications. 
These are of interest mostly to the students, alumni, and friends of 
the schools. Apparently these have not had much influence in 
shaping professional policy; but since they are a medium for the 
expression of student opinion upon many subjects, they are of value. 

Nonpharniaceiitical Journals. The modern well-trained 
pharmacist should be informed in several fields of science related to 
pharmacy. These include chemistry, botany, pharmacognos>, 
bacteriology, physiology, and pharma(‘ology. This makes it neces¬ 
sary for him to know the literature of these fields, including books as 
well as journals. For this reason a selected list of nonpharmaceu- 
tical journals is offenjd here as a supplement to the preceding list of 
journals of pharmacy, 

Hiochein. J, 

BuM'hernical Journal, 1906 I^)n(lon 

HioL Ahstroi'ts 

litoloifiral {hslraclsy 1926 I^liiladelpliia 

Jnd. Kruj. (Jiern. 

Journal of Induslrial and Knqineering Chemistry, 1909-1922 

Industrial and Kmjineerinq Chemistry, 1923-. Wa^iington, D.C. For¬ 

merly in three editions. Analytical edition now Analytical Chemistry, 

1917-, Neivs edition now Chemical Engineering News, 1912-. 

./. \m. CJiem Siw. 

Journal of the American Chemical Society, 1879-. ashington, D.C. 

J. Am. Dental Assoc. 

Journal of the American Dental As.\ociation, 1911-. Chieago 

J. Am. Med. Assoc. 

Journal of the American Medical Association, 188.3-. Chicago 

J. Am. Vet. Med. Assoc. 

Journal of the American Veterinary Medical Association, 1877-. Chicago 

J. Assoc. Offic. Agr. Chemists 

Proceedings of the Associcdion of Official Agricultural Chemists, 1B8F-1912 

Journal of the Association of Official Agricultural Chemists, 1915 . Wash¬ 

ington, D.C, (Su8i>ended publication 1917-1919) 

J. Biol. Chem. 

Journal of Biological Chemistry, 1905-. Baltimore 
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J. Chem. Soc, 

Proceedings of the Chemical Societyy 1811-1813 

Memoirs and Proceedings of the Chemical Societyy 1811-1818 

Quarterly Journal of the Chemical Societyy 1849-1862 

Journal of the Chemical Societyy 1862-. I^ndon 

J. Chem. Education 

Journal of Chemical Educationy 1921-. Chicago 

Lancet 

The Lancety 1823-. London. 


STl DY QUESTIONS 

1. What is meant by the literature of a profession? 

2. To what extent may it be said that pharnuKopoeias are indicative 
of the progress of the medical and pharmaceutical science of a country? 

3. Outline briefly the plans followed in formulating the first Phar¬ 
macopoeia of the United States of America. 

4. Name the countries that had national pharmacopR)eias l)efore the 
United States. 

5. What other terms are synonymous with the v^ord pharmacopoeia? 

6. Which of the pharmacopoeias \^ere in use in early America? 

7. Why were there two official PharmacofK)eias in this country in 1830? 

8. State briefly how the Pharmacoj)oeia is revised. 

9. When was the National Formulary first published, and \^hy was it 
published ? 

10. Who owns, and who revises, the National Formular> ? 

11. Who owns, and who revist^s, the Pharmaceutical Recipe Book”? 

12. Name (a) the efirly American dispensatories, (6) the later American 
dispensatories. 

13. Name the two earliest pharmacy textb<K)ks uM*d in America. 

14. When, and by whom, were the first lectures ujxm the subject of 
pharmacy given in America ? 

15. A century or more ago, physicians were the lecturers in chemistry 
and materia medica. Explain why. 

16. In 1869 the University of Michigan granted the Ph.C. (Pharmaceuti¬ 
cal Chemist) degree for the first time. Upon what grounds was this 
justified? 

17. WTiat classes of journals of pharmacy are there? Give examples. 

18. Name 10 of the most worth-while journals of pharmacy and list 
them in the order of their value, numbering your first choice as (1), etc. 

19. What is a house organ? 
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20. Name several iionpharmaceutical journals that are considered essen¬ 
tial for pharmacists in training and in practice. 
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Chapter 7 
METROLOGY 


The term metrology is derived from the Greek word metron, mean- 
“measure” (eombiniiig form metro, + logy, the science of). It 
is usually und(‘rstood to mean the science of weights and measures, 
although it also may refer to systems of weights and measures or to 
a tr(‘atise dealing with this subject. A thorough knowledge of the 
several s> stems of weights and measures used in pharmacy, together 
with a sound understanding of the relationships existing among the 
various units, is of the utmost importance to the beginning student 
of pharrnacv, and the task of memorizing these values is one of his 
fitst assignments. 

Origin of Units of Measurement. Space does not permit a 
detailed discussion of the origins of weights and measures. The 
student is referred to the textbooks listed in Appendix 1 for addi¬ 
tional information on the history of their development. It is inter¬ 
esting to note that, just as our decimal system of counting is sup¬ 
posed to have originated through the use by primitive man of the 
fingers of the two hands, other parts of the body have been used for 
linear measurements. This practice is illustrated by the following 
examples: the thumb (1 in.); the hand (t in.); the span (distanc*^ from 
the little finger to the end of the thumb when the hand is extended, 
9 in.); the/oo/ (the lengtli of the human foot, 12 in.); the cubit (length 
of the forearm, or the distance from the elbow to the extended mid¬ 
dle finger, 18 in.); the yard (originally the girth of a man, 3 ft.); and 
the fathom (the reach, or the distance between tlie fingertips when 
the arms are extended at the sides, 6 ft.). 

In very early times, the bulk of solid substances was measured in 
pinches, handfuls (drachmae), etc.; and when it was a question of 
weighing substances, it w^as natural to turn to familiar, widely dis¬ 
tributed objects as units of weight. Thus in England, during the 
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reign of Henry III in the year 1266, it was decreed that “ . . . an 
English penny called a sterling, round and without clipping, shall 
weigh thirty-two wheat corns from the midst of the ear, and twenty 
pence do make an ounce, and twelve ounces one pound, and eight 
pounds do make a gallon of wine, and eight gallons of wine do make 
a London bushel, which is the eighth part of a quarter.”^ Later, 
in 1321, it was provided “that three barley-corns, round and dry, 
shall make an inch, and twelve inches a foot.” 

In the practice of pharmacy, unfortunately, several systems of 
metrology are used. Not only is it necessary to know each of the 
systems or tables involved, but also it is important to know' under 
w hat conditions each must be employed. Some idea of the number 
of tables rer[uired may be obtained from the following: The phar¬ 
macist must be thoroughly familiar with at least three systems of 
weight, the metric, the apothecaries’, and the avoirdupois, and may 
even have occasion to use a fourth, the troy system. In the meas¬ 
urement of volumes of liquids, the I nited States fluid system, 
metric volume, and the table of common equivalents (household 
measurements) are absolutely essential. In addition, the British 
imperial system is sometimes required. Both the English and the 
metric systems are used for measuring extension. 

The Metric System. Although not the oldest of the systems 
to be considered, the metric is the one most easily learned since it is 
based upon the decimal system. In origin the system is usually 
credited to the French statesman. Prince de Talleyrand, but histo¬ 
rians are not in agreement on this point. According to one writer,^ 
the French astronomer Jean Picard (in 1671) and the Dutch phys¬ 
icist Christian Huygens (in 1673) proposed a standard unit of length 
equivalent to the length of the swing of a pendulum that would 
complete its oscillation in 1 sec. at sea level on the forty-fifth degree 
of latitude. Some years prior to this. Sir Christopher Wren had 
advocated a unit based upon the oscillation of a pendulum that 
would complete its vibration in 3^^ sec. In 1670 the French mathe- 

^ E. Fullerton Cook and Charles II. LaWall. “Remington’s Practice of 
Pharmacy,” J. B. IJppinoott Company, Philadelphia, 8th ed., 1936, p. 27. 

* George F. Kunz. “The Encyclopedia Americana,” Americana Corp., 
New York, 194C, Vol. 18, p. 729. 
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matirian Gabriel Mouton suggested a standard unit of length equiv¬ 
alent to 1 min. of Ihe earth’s circumference (the unit now used as the 
geographical mile), which he subdivided into decimal fractions, to 
which names of Latin origin were assigned. Despite these early 
beginnings, nearly a century elapsed before the idea of applying the 
decimal system to weights and measures was considered further. 
The Scottish inventor of the steam engine, James Watt (1736-1819), 
proposed a still closer approximation of the metric system, in which 
he select(*d as a unit of mass a definite volume of water and provided 
a simple interrelation of the units of length, area, volume, and mass; 
this proposal was communicated to de Talleyrand. 

In March, 1790, de Talleyrand and Prieur des Vernois proposed 
to the French National Assembly that that body should undertake 
the study of a luwv system of weights and measures. After the 
assembly had referred the matter to the Committee on Agriculture 
for preliminary consid(*ration, this body published, on Aug. 22, a 
decree saiu*tion(*d by Louis X^ I that pro\ided for the establishment 
of the iKwv syst(un, assigned to the Academic des Sciences the task of 
determining the standard unit, and invited representatives of other 
nations to participate in this work. With the collaboration of rep¬ 
resentatives from Spain, Italy, Denmark, the Netherlands, and 
Switzerland in the discussion of the plan, the Academic des Sciences 
appointed a committee composed of the scientists Borda, Lagrange, 
Lavoisier, Tillet, and Condorcet, who made their rejx)rt to the 
assembly on Oct. 27, 1790. Since additional data were required, a 
second committee, in which Laplace and Monge replaced Lavoisier 
and Tillet, was appointed. On Mar. 19, 1791, this second commit¬ 
tee recommended the adoption of the one ten-millionth pai’t of the 
quadrant of the terrestrial meridian as the standard unit ot length. 
This report was adopted by the assembly on Mar. 26, 1791, and five 
separate commissions were established to continue the study and 
submit necessary data. On Aug. 1, 1793, a decree was passed by 
the convention to the effect that tlu" new' system should be declared 
obligatory at the end of the year, l^navoidable delays in the meas¬ 
urement of the earth’s quadrant required further jKvstponement, 
however, and it was not until the decree of 18 Germinal, An III 
(Apr. 7, 1795) that the values for the various units were established. 
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As a first step in the enforcement of the use of the new system, the 
decree of Sept. 23, 1795, required its use in tfie Commune of Paris. 
Despite this fact there was a marked tendency for the pc^ople to 
cling to the older and more familiar systems of eighth and meas¬ 
ures. Therefore in 1837 a law was passed that made the use in 
France of systems otlier than the metric s>stem illegal after Jan. 1, 
1840, Belgium, Holland, and Gree(*e were among the first coun¬ 
tries to adopt the system, and before the close of the nineteenth 
century it had become the legal standard in tO nations and had 
achieved world-wide recognition in science. Although its use is not 
compulsory in (Jreat Britain and the I nited States, it has been legal 
in the latter country since 1866. It is recjuired that the metric 
system shall be used exclusively in the medical departments of the 
United States Army and the I nited States Navy, the 1 nited States 
Public Health Servi('e, and the Alarim* Hospital Ser\ice. It is 
also taught exclusively in most of the medical schools of this 
country. As mentioned above, it finds almost univ(‘rsal use in 
the field of scientific research and is the s>stem used by all modern 
pharmacopoeias. 

Metric Length, As a primary standard upon which the s>stem is 
based, one ten-millionth of the earth’s quadrant (when measured 
through the poles) was taken and named the meter (French, niHre), 
Although this Ls the theoretical standard, the actual standard is the 
length of the platinum-iridium meter bar deposited in the Inter^ 
national Bureau of Weights and Measures located at Paris, France. 
A replica of this prototype standard is in the custody of the Bureau 
of Standards at Washington, D.C. The length of the meter, in 
units that are more familiar to English-speaking people, is 39.3701. 
in. The meter is the primary standard from which all other units, 
whether for linear measurements, area, volume, or weight, are 
derived, either directly or indirectly. For the purpose of deriving a 
unit of volume, the tenth part of the meter (called the decimeter) 
was cubed, and this was named the liter (French, litre). In the more 
familiar FCnglish system, this is the volume, or capacity, of a cube 
measuring 3.937 in. on each side. The unit of weight, called the 
gram (French, gramme) was defined as the weight of the thousandth 
part of a liter (which is ecfual to the cube of the hundredth part of 
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the meter, or centimeter) of distilled water at a temperature of 4''C. 
This specific temperature was selected because water attains its 
maximum density at this point. 

Multiples of the several units are indicated by the use of the pre¬ 
fixes Deka-, 10; Heclo-, 100; Kilo-, 1,000; and Myria-, 10,000. 
Decimal fractions are shown by the prefixes dec/-, 1/10; cen//, 1/100; 
and milli, 1/1,000. In ordinary use, abbreviations are more com¬ 
monly employed than the full names of the units. It should be 
noted that, in writing both the abbreviations and the names, the 
initial letter is usually capitalized if the value of the denomination 
is equal to one or more times the unit named in the suffix, but the 
initial letter is lower case if the denomination is a fractional part of 
the unit indicated by the suffix. This is done to avoid confusion, 
since the prefixes Deka- and deci- both begin with the letter d and 
the prefixes Myria- and milli- both begin with the letter m. 


Table 2 Metric Length 


Measurement j 

Al)bre\ialion | 

1 

Fqui>alent 

1 Myriaineter 

Mm. 

10,000 0 

M. 

1 Kilometer 

Km. 

1,000 0 

M. 

1 Hectometer 

Hm. 

100 0 

M. 

1 Deka meter 

Dm. 

10 0 

M. 

1 Meter 

M. 

1 0 

M. 

1 d(H'imeter 

dm. 

0 1 

M. 

1 centimeter 

cm. 

0 01 

M. 

1 millimeter 

mm. 

1 0 001 M. 


In practice the prefixes Myria-, Hecio-, and Deka- are rarel> used 
and the prefix deci- is encountered infrequently. On the other hand, 
the prefixes Kilo-, cenli-, and milli- are commonly used. 

For extremely small measurements the units of the metric system 
have been further subdivided. A unit commonly employed in 
biology is known as the micron (g), which is defined as the thou¬ 
sandth part of the millimeter. For smaller measurement s, especially 
in physics for measuring the length of light waves, the millimicron, 
also known as the micromillimeler (mg), is used. This unit is equiv¬ 
alent to the thousandth part of the micron. A still smaller unit is 
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the micromicron which is equivalent to the millionth part of 
the micron. Intermediate in value between the millimicron and 
the micromicron is the angstrom unit (A.l\), which is the unit most 
commonly employed in measuring the length of light waves and is 
equivalent to one ten-thousandth of the micron, or one-tenth of the 
millimicron. 

Metric Volume, In most pharmaceutical and chemical literature 
the term cubic centimeter (cc.) has largel> replaced the term milliliter. 
Theoretically these terms should be s>non>mous, since the liter is 
defined as one cubic decimeter, and the thousandth part of this, the 
milliliter, should be identical to the cubic centimeter. However, in 
establishing the unit of mass for the metric system, the kilogram, it 
was later discovered that a slight error had occurred. The original 
intention was to define the kilogram as the mass represented by that 
quantity of water having a volume of one cubic decimeter at 4®C, 
When it was discovered that the measurements of the vessel used to 
determine this volume had not been exa(‘tl> correct, \\\c Commission 
Internationale du Mktre decided in 1871, despite this error, to retain 
the standard kilogram as originally determined. In 1901 the 
Comite Internationale desPoids et Mesures (International Commit te^e 
on Weights and Measures) decided to adopt as the unit of \oluine 
the volume occupied by one International kilogram of pure water 
at 4°C. and termed this volume the liter. This explains why the 
milliliter and the cubic centimeter are not exactly e([uivalent. Since 
by definition the true liter is the volume occupied by one kilogram 
of water weighed in vacuum at 4°C., and very careful determina¬ 
tions have shown that the exact weight of a cubic centimeter of 
water at this temperature is 0.999982 Gm., it follows that one mil¬ 
liliter is equivalent to 1.000027 cc. This difTerence is so slight that 
for all practical applications it can be ignored, and it is customary 
to use the terms cubic centimeter and milliliter interchangeably. As 
a matter of fact, the following statement appciars as a footnote on 
page 9 of the thirteenth revision of the Pharmacopoeia: “1 cubic 
centimeter (cc.) is used in this Pharmacopoeia as the equivalent of 
one milliliter (ml.).” A similar statement appears on page 12 of the 
eighth edition of the National Formulary. 

In the use of the table for metric volume, the terms liter and cubic 
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centimeter are most commonly employed, while the names of the 
other units are rarely mentioned. Thus it is customary to express 
almost any volume above 1,000 cc. in terms of liters and cubic cen¬ 
timeters, while the smaller unit (cubic centimeter) is used for any 
desired quantity less than 1,000. 


Table 3. Metric Volume 


Mpasurenienl 

\hbre\iation 

Equivalent 

1 M^rialiter 

Ml. 

10,000 

0 

L. 

1 Kiloliter 

Kl. 

1,000 

0 

L. 

1 Hectoliter 

HI. 

100 

0 

L. 

1 Dekaliter 

Dl. 

10 

0 

L. 

1 liter 

L. 

1 

0 

L. 

1 de<‘iliter 

dl. 

0 

1 

L. 

1 centiliter 

cl. 

0 

01 

L. 

1 milliliter 

ml. 

0 

001 

L. 


In the ninth revision of the Pharmacopoeia and the fourth edition 
of the National Formulary, the term milliliicr and the abbreviation 
mil were adopted, but so much objection was raised, especially to 
the abbreviation selected, that the next Pharmacopoeial Convention 
authorized the return to the term previously used, the cubic centi¬ 
meter. The chief objection to the use of the abbreviation mil was 
due to the fact that this term had been adopted, both as a unit for 
measuring the diameter of wires (1/1,000 in.) and as a unit in the 
measurement of angles (the length of the chord subtending an arc 
representing. 1/6,100 of a circle), commonly used in target designa¬ 
tion in fire-control data in military training. There could b* little 
objection made to the use of the term milliliter if the abbreviation 
ml, were adopted. 

Metric Weight, The definition of the standard unit for metric 
weight (the gram) as the weight of one cubic centimeter of distilled 
water at 4®C. has been given above. As indicated there, 4°C. w^as 
selected because water attains its maximum density at this particu¬ 
lar temperature. 

Mention should be made of the fact that in chemical literature the 
abbreviation g, is used for the gram. In pharmaceutical literature 
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this abbreviation is usually avoided and Cm. is used, because of the 
danger of confusing the abbreviation for gram with that for grain. 
In both chemical and pharmaceutical work, the oiil> units and 
abbreviations commonly used are those of the kilogram, gram, and 
milligram. Although the other units are parts of the oflicial table 
of metric weight, they have gradually fallen into disuse. 


Table i. Methic Wekjht 


Measure n ion t 

Ahhrev iatiori 

Kqiiivalent 

1 M>riaf^aiii 

Mg. 

10,000 0 

Ciiii. 

1 Kilogram 

Kg. 

1,000 0 

(Im. 

1 Hectogram 

iig- 

100 0 

Gm. 

1 Dekagram 

r>g. 

10 0 

Gm. 

1 gram 

(im. 

1 0 

Gm. 

1 dec’igram 

dg- 

0 1 

(tm. 

1 centigram 

eg. 

0 01 

Gm. 

1 milligram 


0 001 

(im. 


After one has become familiar with the several systems of weights 
and measures used in pharmacy, any discussion of the advantages 
of the metric system over the other systems may se(‘m superfluous. 
The simplicity of the metric system, the uniformity of the relation¬ 
ship of each unit to the next higher unit in the system, and the ease 
with which calculations involving fractions can be made are at once 
apparent. It is possible to make all kinds of calculations involving 
addition, subtraction, multiplication, and division without wasting 
the time for conversions to common units that is required for all 
other systems. Another argument advanced for the adoption of 
the metric system for exclusive use in this country is the distinct 
advantage that we should gain in foreign trade, since outside of this 
country and Great Britain it is used almost universally. Great 
savings of time would be made by the clerks and draftsmen in engi¬ 
neering and surveyors* oflices if the systems now in use were aban¬ 
doned. Since the metric system is based upon the decimal relation¬ 
ship, there is much less chance for error in calculations involving 
quantities expressed in this system. It is hoped that the day will 
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soon come when all other systems will be abandoned and the metric 
system will be used exclusively in pharmacy. 

Weight and Mass. The term weight signifies the measure of 
the force with which a body is attracted to the earth by gravity. It 
is therefore the measure of a force acting upon a body, rather than 
of the quantity of mass that the body contains. On the other hand, 
mass is a measure of the quantity of matter in a body as determined 
by comparing the changes in velocity that result when the body 
impinges upon a standard body. As ordinarily determined, it is 
assumed that the quantity of mass in a body is unvarying in amount 
and independent of its physical state, environment, or motion, 
although more r(‘cent investigations^ tend to show that at extremely 
high velocities the mass of a body may depend slightly upon its 
velocity. According to Newton’s law^ of universal gra\itation, 
every material object in the universe attracts, and is attracted by, 
every other material object. In general the attraction between any 
two bodies is proportional to the mass in each of them and inversely 
proportional to the s([uare of the distance between them. 

Since weight is a measurement of the force of gravity, it follows 
that given objects may show^ slightly different weights at different 
locations on the surface of the earth. Theoretically a given mass 
would have no weight at the exact center of the earth, since it would 
be attracted equally in all directions. If the same mass could be 
taken far enough out into space its weight would become negligible, 
since the attraction between the earth and the object is proportional 
to the mass in each and inversely proportional to the square of the 
distance between them. Because of the fact that the earth is 
slightly flattened at the poles, a given object shows a slightly greater 
weight at the poles than at the equator, since it is nearer the center 
of gravity of the earth. According to Arny and Fischelis,^ a body 
that shows a weight of 192 lb. at the poles would be attracted by a 
force of about 191 lb. at liie equator. Again the altitude at the loca¬ 
tion wdiere the weighing is made may have a slight influence upon 

* N. II. Black. “An Introductory Course in College Physics,“ The Mac¬ 
millan Conijmny, New York, 1935, p. 161. 

* H. V. Arny and R. P. Fischelis. “Principlesof Pharmacy,” W. B. Saunders 
Company, Philadelphia, 4lh ed., 1937, p. 39. 
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the result. Another factor, which is of considerably less importance 
but which nevertheless contributes slightly to the increase in gravi¬ 
tational force as the poles are approache'd, is the decrease in cen¬ 
trifugal force induced by the earth’s rotation. At the poles the 
effect of centrifugal force is completely neutralized, and it attains 
its maximum at the equator. 

It should be kept in mind that the variations in 
weight because of differences in location on the 
earth’s surface can be observed only if a certain 
type of scale, such as the spiral-spring type (the 
Jolly spiral balance), is used. This instrument 
(Fig. 2) measures directly the pull of gravity. If 
an equal-arm balance were used, two objects of 
equal mass would always be in equilibrium regard¬ 
less of the altitude or latitude, since changes in the 
force of gravity would be the same with respect to 
the object being weighed and the standard weight 
used to counterbalance it. Actually the weight of 
a body is equal to its mass multiplied by the accel¬ 
eration due to gravity at the place where the body 
is situated. 

Troy Weight. Although the troy system is not used in 
pharmacy^ it is of historical interest IxH'aiise it is Iwlieved 
that apothwaries* weight is derived from it. This system, 
which takes its name from the important commercial center 
of Troyes, France, is the standard us<‘d in Knglish-s{)eaking 
countries for transactions involving gold and silver and other 
Fig. 2. Jolly precious metals. It became well known in England during 
spiral balance. fourteenth and fifteenth centuries and in 1527 replaced 

the Tower pound (5,400 gr.) as the legal mint standard. 
Since the apothecaries’ pound and ounce have the same values (i.e., contain the 
same number of grains) as those of the troy system, it may be assumed that the 
apothecaries* system is derived from the troy system. It is appropriate to 
indicate at this point that the troy grain, the l^thecaries* grain, and the 
avoirdupois grain are identical in value and that the number of grains in a given 
system affords an accurate basis for conversion into appropriate units of any 
of the three systems. 

The abbreviation dwi. for the pennyweight may need explanation. It is 
a contraction of denarius weighL The Latin word denarius means an ancient 
Homan coin, originally (268 b.c) made of silver; it is this coin which is referred 
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lo in the New Testament as the penny. The word ounce is derived from the 
Latin word uncia, meaning one-twelfth and indicating one-twelfth of a pound. 
It should be noted that the abbreviation for the ounce, oz., is identical with 
that for the avoirdupois ounce. It is possible to tell which kind of ounce is 
indicated by noting the nature of the substance being weighed or the kind of 
transaction involved, since the troy ounce is applied exclusively to the weight of 
precious metals. The abbreviation lb. is derived from the Latin word libra, 
which means pound. 


Tabi.k 5. Troy Wkight 


EquiMilcnt j 

Measurement | 

Abbreviation 

Total grains 

24 grains 

1 pennyweight 

dwt. 

24 

20 |>eiiny weight 

1 ounce 

o/. 

480 

12 ounces 

1 pound 

lb. 

1 

5,760 


Apothecaries' Weight. As previously indicated, it is thought that 
the apothecaries’ (apoth.) system is derived from the troy system, 
since the values for the grain, the ounce, and the pound are identical 
for the two. The apothecaries’ system is used only in prescription 
compounding. 


T \BLK 6. Apotiikcarifs’ Weight 


Kqui\alenl 

Measurement 

Abbre\ iation 

Total grains 

20 grains 

1 scrut)le i 

9 

20 

3 scruples 

1 dra<‘hm 

o 

60 

8 drachms 

1 ounce 

5 

180 

12 ounces 

1 {H)und 

11). 

5,760 


In the use of the apothecaries' system in prescription writin , the 
symbol or abbreviation for the denomination precedes the quantity, 
which is expressed in Roman numerals. 

Avoirdupois Weight. The name of the avoirdupois (av.) system 
would seem to indicate, at first glance, that it is formed by com¬ 
bining the French verb avoir, meaning “to have,” and the old French 
noun pois, meaning “weight,” so that the name might be translated 
literally as “to have weight,” but this is probably an erroneous 
assumption. The French word avoir is not only the infinitive form 
of the verb meaning “to have,” but it is also used in the sense of a 
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noun meaning “goods” or “possessions.” Thus the term miglit be 
translated as “goods of weight,” and this meaning would be more 
in keeping with the way in which the system is used. Avoirdupois 
weight is the legal standard in English-speaking countries for all 
transactions involving bulky articles of ordinary value, as distin¬ 
guished from precious metals (troy system), precious stones (the 
carat, etc.), and drugs and medicines (apothecaries’ s\stem in 
prescriptions). 

The avoirdupois system is of French origin but probabl> was an 
outgrowth of the earlier Roman system. It was iutrodu(‘ed into 
England during the fourteenth century, in the reign of hMward III, 
but was not defined by statute until lt85. Although the larger 
units, the hundredweight {cwL), the long hundredweiglit (/. cwi., 
112 lb.), the ton (/n., 2,000 lb.), and the long ton (/. /n., 2,210 lb.), 
are a part of the system, they are rarely encountered in pharmacy 
and for that reason are omitted from Table 7. It should he men¬ 
tioned that the official table for avoirdupois weight also provides for 
a unit called a dram (dr.), not to be confused with the apothecaries* 
drachm. It is defined as the sixteenth part of the avoirdupois ouiu e 
and therefore contains 271^2 gr. Fortunately this unit, i.e., the 
avoirdupois dram, is used rarely if at all and finds no application in 
pharmacy. In the commercial sale of small quantities of drugs and 
chemicals it is customary to use simple fractional parts of the ounce, 
as or 3^^ oz. 

Table 7. Avoirdupois Weioht 


Equivalent 

Measurement 

Abhre\ iution 

Total grains 

437*^ grains 

16 ounces 

1 ounce 

1 pound 

O/. 

lb. 

7,000 


United States Fluid Measure. This system, also called 
apothecaries’ fluid measure, wine measure, and United States liquid 
measure, is derived from the old wine measure of England, which 
became obsolete iu 1825. It is based upon the standard unit of 1 
gallon, the volume represented by 231 cu. in. In its pharmaceu¬ 
tical applications it is customary to omit the quart, although this 
unit is included in the official table. In prescription writing, the 
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symbol or abbreviation indicating the denomination precedes, fol¬ 
lowed by the quantity expressed in Roman numerals. Occasionally 
Latin terms or abbreviations are used. These are as follows: minim, 
minimus; fluidrachm, jluidrachma; fluidounce, fluiduncia; pint, 
oclarius (0.), meaning one-eighth of a gallon; gallon, congius (Cong.). 


Table 8. United States Fluid System 


Equivalent 

Measurement 

Abbreviation 

Total minims 

60 niiniiiis (U\) 

1 (luidrachnt 

fo 

' 60 

8 iluidraehms 

1 fluidounce 

fZ 

i t80 

16 lliiidounees 

1 pint 

pt. 

1 7,680 

8 pints 

1 gallon 1 

gnl. 

1 61,it0 

1 


In the United States fluid system, it should be noted that the 
minim is merely the sixtieth part of the fluidrachm and has no direct 
relationship to the drop (Latin guHa). The assumption that the 
minim and the drop are equivalent is sometimes made, although 
there is no basis for it. Such an interpretation introduces gross 
inaccuracies in prescription compounding. The use of the drop as 
a unit of ineasureinent for liquids >\ill be considered later (page 189) 
in the discussion of standard droppers. 

Table of Approximate Measures (Common Measures, 
Household Units). Although this system has no legal status, it 
is a common practice in prescription dispensing to give directions on 
the label of liquid preparations that will be intelligible to the layman. 
Since he is not familiar with the units of the United States fluid 
system or the metric system, recourse is had to the usual household 
utensils witli which he is familiar, such as the various sizes of spoons, 
the wineglass, or the teacup. This system, wdiile recognized by the 
tenth revision of the Pharmacopoeia, was not given official sanction 
in the later revisions. It continues to be used, however, and must 
therefore be understood by the pharmacist. These equivalents are 
not used in compounding prescriptions nor in the manufacture of 
pharmaceutical preparations but exclusively for stating dosage 
directions to the patient on the prescription label. 

Considerable objection has been raised to the use of this system, 
since many investigators have reported that the usual types of 
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household container listed in the table do not approximate the 
values assigned to them but tend to exceed them, in some cases by 
as much as 20 to 25 per cent.^“® Such inaccuracies in the adminis¬ 
tration of liquids largely offset the efforts of the prescribing phy¬ 
sician and the dispensing pharmacist to attain accuracy and iini- 


Table 9. Appboximate IVIkasithes 


Measurement 

Metric 

United States 
fluid system 

1 teaspooiiful. 

4 cc. 

1 f3 

1 dessertsrHKHifuI . 

8 cc. 

2f5 

1 tablespoonful. 

15 cc. 

4f3 

1 wineglassfiil. 

60 0*0. 

2 fs 

1 teacupful. 

120 cc. 

tfS 

1 tumblerful. 

210 cc. 

8 f5 


formity in dosage. It therefore becomes the duty of the pharmacist 
to discourage the use of such inaccurate measures and to urge that 
accurately graduated medicine glasses, which are readily available, 
shall be included in the equipment of the medicine cabinet of every 
home. Many progressive professional pharmacies have adopted 
the commendable practice of distributing standard sp(K)n8 with all 
liquid prescriptions intended for internal use. Such spcK)ns, made 
of molded plastic materials in attractive forms, are now available 
at a reasonable cost. This added service to the lay public tends 
to emphasize the interest of the pharmacist in ensuring accurate 
dosage. 

It should be noted that the metric equivalents in the table are 
only approximate values, representing the nearest whole numbtT of 
cubic centimeters. As a result the calculation of dosage based upon 
metric equivalents may lead to results slightly different from those 
obtained through the use of the equivalents of the United States 

> M. I. Wilbert. Am. J. Pharm. 74, 218 (1902). 

* H. V. Arny. J. Am. Pharm. Assoc. 6, 1056 (1917). 

* J. L. Adams. Bull. Pharm. 38, 17 (1924). 

^ F. W. Nitardy. J. Am. Pharm. Assoc. 23, 813 (1934). 

* W. L. Scoville. J. Am. Pharm. Assoc. Pract. Pharm. Ed. 1, 228 (1940). 
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fluid system. For this reason the use of the United States fluid- 
system equivalents is recommended for all dosage calculations. 

The British Imperial Sjstem. Although this system has no legal statiLs 
in this country, American pharmacists hx-ated near the Canadian border fre¬ 
quently have occasion to make use of it in the compounding of prescriptions 
written by Canadian physicians. Although the names of the denominations 
are exactly the same as those of the United States fluid system, it should be 
noted that no two of them coincide in \alue. Thus the pharmacist who wishes 
to compound both American and Canadian prescriptions must ha\e two 
entirely distinct sets of graduates and other measuring de\ices at hand, one 
for the United States fluid system and one for the British imj>erial system. 


Table 10. British Imperial System 


Equivalent 

Measurement j 

Abbreviation 

Total minims 

60 minims (TTl) 

1 fluid drachm 

fo 

60 

8 fluid drachms 

1 fluid ounce 

t5 

180 

20 fluid ounceh 

I pint 

pt. 

9,600 

8 pints 

1 gallon 

fSal. 

76,800 


The standard unit of the British imperial system is the gallon, which is 
defined as the volume occupied by 10 lb. (a\.) of distilled water weighed against 
brass weights at a temperature of 62°F. and at a barometric pressure of 30 in. of 
mercury. The imperial standard gallon measure is a cylindrical brass vessel 
having a capacity of 277.420 cu. in. and a diameter equal to its height. 

A comparison of this system with the United States fluid system can be made 
only by referring to the capacities of the gallons as expressed in cubic inches. 
The British imperial gallon contains 277 t20 cu. in., while the United States 
fluid gallon contains 231 cu. in. Division shows that one British imperial 
gallon is equivalent to 1.20091 United States fluid gallons. 

Applications of the Various Systems of Weights and Meas¬ 
ures. Since the British imperial system completes the list of tables 
of weights and measures that must be memorized, it is appropriate 
at this time to discuss briefly the uses and applications of the various 
systems. In commercial transactions involving drugs and chem¬ 
icals in solid form (not in prescriptions), the legal standard is the 
avoirdupois weight sxstem. However, the metric system may be 
used on an optional basis, since it has been recognized in this country 
since 1866, As previously indicated, the troy system is used exclu- 
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sively in this country for weighing precious metals such as gold and 
silver. In the writing of prescriptions the physician makes use of 
the apothecaries’ weight system or the metric system. For liquid 
substances he employs the United States fluid system or the metric 
system of volume. Thus in the compounding of prescriptions a 
pharmacist may have to calculate costs on the basis of the price per 
avoirdupois pound and the selling price on the basis of the apothe¬ 
caries’ pound. He may also have to compute tlie price per fluid- 
ounce for liquids that he purchases on the basis of the avoirdupois 
pound. These calculations require a ready knowledge of the vari¬ 
ous systems and the equivalents used in making conversions. 

List of Fundamental Equivalents. In order to understand 
the relationships that exist between the units of the various s>stems, 
it is necessary to know certain factors that are used in making con¬ 
versions. Some textbooks on pharmacy are subject to criticism in 
that they fail to distinguish bet\\een primar> and s(‘condar> equi\a- 
lents, with the result that so man> equivalents are listed that the 
student becomes confused. In so far as conversions of units of 
weight and volume are concerned, the most important thing is a 
complete knowledge of the tables of weights and measures and an 
understanding of the way in \^hich the standard unit of each s>8tem 
is derived. In addition there are five conversion factors that must 
be memorized. With the exception of conversions dealing with 
linear measurements, all other conversion factors are of secondary 
importance and may be derived, when needed, from the tables of 
measurements and from the primary ecjuivalents that are listed 
below. These equivalents are as follows: 

Table 11. Fundamental Ei^uivalents 
1 gram >■ 15.1.32 graing 

1 grain — 0.065 gram 

1 fluidounee -• 29.57 cubic centimeters 

1 cubic centimeter » 16.23 niinitiis 

1 fluidounee of distilled water, at 25°C., weighs 454.6 grains 

As a corollary to the last equivalent it should also be remembered 
that the gram is defined as the weight of 1 cc. of distilled water at 
4®C. Since the standard working temperature of the Pharmaco¬ 
poeia is 25®C., this means that 1 cc. of water weighs slightly less than 
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1 Gm. at this temperature. It is customary in practical applica¬ 
tions to ignore this slight difference. Therefore it can be assumed 
that, if 1 fS measures 29.57 cc., 1 f5 of distilled water would weigh 
29.57 Gm. Perhaps mention should be made of the fact that the 
thirteenth revision of the Pharmacopoeia contains tables on Weight 
and Volume Relations (page 911) and Equivalents of Weights and 
Measures, Metric, Avoirdupois, and Apothecaries’ (page 913). 
Numerous other tables of conversion factors are to be found in text¬ 
books, handbooks, and other references, but the student should b<^ 
warned against the too frequent use of such aids, as this practice 
tends to impair his \Norking kno^\ ledge of the tables and the primary 
conversion factors. In practice it is customary to use approximate, 
or round, numbers rather than the exact equivalents. For example, 

1 Gm. is commonly considered equivalent to 15 gr. and 1 f5 to 30 cc. 
It should be pointed out that in the compounding of formulas and 
in calculations for piTcentage solutions no error is introduced if the 
same approximate equivalent is used throughout, since the propor¬ 
tions remain fixed. 

(Conversions of eights and Measures. In the conversion of quantities 
of weights and measures expressed in one 8>stein to the proper units of another 
the following max Ik* encountered: 

1 From metric weight to apolhtvaries’ weight. 

2. From metric weight to avoirdupois weight. 

3. From apothcc'aries’ weight to metric weight. 

4. From apothec'aries* weight to avoirdupois weight. 

5. From avoirdupois w^eight to metric weight. 

6. From avoirdupois weight to aj^K>thecaries’ weight. 

7. From metric volume to United States fluid s>stem. 

8. From United States fluid system to metric volume. 

Each of these conversions will I>e illustrated by an example in wnuh the 
cah'Illations are explained. 

1. From Metric Weigfit to Apottiecaries^ Weight. What is the equivalent in 
the apothecaries* system for 640 (jiu. ? 

Two factors are found in the list of fundamental equivalents that might serve 
for this conversion, since they are in reciprocal relationship to each other. 
These are 1 Gm. — 15.432 gr. and 1 gr. - 0.065 (im. Thus grams can he* 
converted to grains by multiplying by 15,432 or by dividing by 0.065. Wher¬ 
ever a choice is offered, it is usually easier to multiply than to divide. There¬ 
fore in this ease the calculation would be as follows: 

640 X 15,432 - 9,876.48 gr. 
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It now remains to reduce this quantity to the proper denominations of the 
apothecaries' system. This is done by dividing the total quantity by the 
number of grains corresponding to the largest unit that will be contained in 
the total quantity. The number of grains corresponding to the next largest 
unit is then applied to the remainder, and the proi'edure continued in this 
fashion in descending order until the smallest unit is reached. 

5^,76<^9,8T6.i8^1 Ib^ 

5,760. 

jL8q/f,ir6.T878 5 _ 

3,840. 

_60/ 276.t8/t3_ 

210 . 

20/ ~~36^t8/l :>)_ 

_ 20 . 

16.t8or 16*225 (fT. 

Thus 640 Gm. is equivalent to 1 lb., 8 5,4 5.1 3. and 16i?25 K**. (apoth.). 
It will be noted that division is made only when quantities will Ih‘ contained 
one or more times and the prcx'ess is stopjHjd at the dfH'imal point. This is 
done in order to avoid fractional parts of the larger units. It should Ik' note<l 
that the fractional part of the grain {^^ 25 ) exjiressed as a coiuiiion frac tion, 
as is the custom for fractional parts of grains and minims. Dcx'iiual fractions 
are reserved for use with metric units. 

2. From Metric Weight to Avoirdupois Weight. What is the equi\alent in 
the avoirdupois system for 610 (im.? The same quantity as that us«‘d in 
Example 1 will also serve to illustrate conversions from metric weight to avoir¬ 
dupois weight as shown bcdow. 

610 X 15.132 « 9,876.18 gr. 

The reduction to proper units of the system is made as follows: 

7,000/9,876.18 /i lb. 

7,000. 

437.5/2,876.18 /6 o/. 

' 2,625.0 

' 251.18 - 2511^2 5 RT 

Hence 640 Gm. is equivalent to 1 lb., 6 oz., 251 gr. (av.). 

3. From A/Mpthecaries^ Weight to Metric Weight. What is the equivalent in 
the metric system for 1 lb,, 2 5.1 3 . 2 3 , and 12 gr. (apoth.)? 

Before conversion can be made the total value in grains must be obtained, 
in order that the equivalent expressing the value of the grain in grams may be 
used. 
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1 lb. « 5,760 gr. 

2 5 = 2 X 180 * 960 gr. 

1 3 * 60 gr. 

2 0 * 2 X 20 = 40 gr. 

_ 12 gr. 

6,852 gr. total 

A< ror<Jing to the table of fundamental equivalents, 1 gr. is equal to 0.065 Cini. 

6,832 X 0.065 = 441.080 Gm. 

It is customary to express quantities in metric weight in this way, rather 
than to list the appropriate quantities under the separate denominations f)f 
the metric system. 

1. From ApoOiecdries' Weight to Apoirdnj>ois Weight. What is the equivalent 
in the avoirdupois system for 2 lb., 1 •'> 3» 2 0, and 6 gr. (ajMdh.).^ 

Since the grain is the only unit common to the two systems, the total iiumljer 
of grains must be det/*rinined first. 


2 lb. 

= 2 

X 5, 

,760 

* 

11,520 


i 5 

= 1 

X 

180 


1,920 

prr. 

5 3 

* 5 

X 

60 


300 


2 e) 

=s »'> 

X 

20 


10 

gr. 






6 







13,786 

gr. total 


1'he tot4il is then reduceil to the proper denominations of the avoirdu|K>is 
system b> divisions as follows: 

7,000/13,786.0 1 lb. 

7,000. 

4 37.5 / 6,786.0/15 oz. 

1,375. 

2 , 111.0 

2,187.5 

' 223.5 - 223^2 gr. 

Hence 2 lb., 4 5.5 3 . - 0. 6 gr. is equal to 1 lb., 15 oz., and : "^^2 K**. 

(av.). 

5. Front Avoirdupois Weight to Metric Weight. \N hat is the equivalent in 
the metric system for 1 lb., 2 oz., and 12 gr.? (Note that the abbreviation or. 
indicates that this is a>oirdupois weight.) 

Again, the total number of grains imisl l)e determined first. 

1 lb. -* 7,000 gr. 

2 07 . ■■ 2 X 437.5 « 875 gr. 

12 gr. 


7.917 gr. 

7,917 X 0.065 - 514.605 Gm. 
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sively in this country for weighing precious metals such as gold and 
silver. In the writing of prescriptions the physician makes use of 
the apothecaries’ weight system or the metric system. For liquid 
substances he employs the I nited States fluid system or the metric 
system of volume. Thus in the compounding of prescriptions a 
pharmacist may have to calculate costs on the basis of the price per 
avoirdupois pound and the selling price on the basis of the apothe¬ 
caries’ pound. He may also have to compute the price per fluid- 
ounce for liquids that he purchases on the basis of the avoirdupois 
pound. These calculations require a ready knov^ledge of the vari¬ 
ous systems and the equivalents used in making conversions. 

List of Fundamental Equivalents. In order to undfTstand 
the relationships that exist between the units of the various systems, 
it is necessary to know^ certain factors that are us(‘d in making con¬ 
versions. Some textbooks on pharmacy are subject to criticism in 
that they fail to distinguish between primary and sec ondary equiva¬ 
lents, with the result that so many equivalents are listed that the 
student becomes confused. In so far as conversions of units of 
weight and volume are concerned, the mast important thing is a 
complete knowledge of the tables of weights and measures and an 
understanding of the way in which the standard unit of each system 
is derived. In addition there are five conversion factors that must 
be memorized. With the exception of conversions dealing with 
linear measurements, all other conversion factors are of secondary 
importance and may be derived, when needed, from the tables of 
measurements and from the primary equivalents that are listed 
below. These equivalents are as follows: 

Table 11. Fundamental Equivalents 
1 gram — lS.i.32 grains 

1 grain » 0.065 gram 

1 fluidoiince ■■ 29-57 euhio centimeters 

1 cubk ceniiiiieter — 16.23 mini ms 

1 fiuidounce of distilled water, at 25^0., weighs 454.6 grains 

As a corollary to the last equivalent it should also be remembered 
that the gram is defined as the weight of 1 cc. of distilled water at 
4‘’C, Since the standard working temperature of the Pharmaco¬ 
poeia is 25*’C., this means that 1 cc. of water weighs slightly less than 
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1 Gm. at this temperature. It is customary in practical applica¬ 
tions to ignore this slight difference. Therefore it can be assumed 
that, if 1 f5 measures 29.57 cc., 1 f5 of distilled water would weigh 
29.57 Gm. Perhaps mention should be made of the fact that the 
thirteenth revision of the Pharmacopoeia contains tables on Weight 
and Volume Relations (page 911) and Equivalents of Weights and 
Measures, Metric, Avoirdupois, and Apothecaries’ (page 913). 
Numerous other tables of conversion factors are to be found in text¬ 
books, handbooks, and other references, but the student should 1 m^ 
warned against the too fre(juent use of such aids, as this practice 
tends to impair his working knowledge of the tables and the primary 
conversion factors. In practice it is customary to use approximate, 
cir round, numbers rather than the exact equivalents. For example, 

I Gm. is commonly considered equivalent to 15 gr. and 1 f5 to 30 cc. 
It should be pointed out that in the compounding of formulas and 
in calculations for percentage solutions no error is intrcxluced if the 
same approximate ecpiivalent is used throughout, since the propor¬ 
tions remain fixed. 

ConvernioiiR of Weights and Measures. In the conversion of quantities 
of weights and iiieasiires expressed in one system to the proper units of another 
ttie following may he encountered: 

1. From metric weight to apothec*aries* weight. 

2. From metric weight to avoirdupois weight. 

3. From a|>olhecarie8^ weight to metric weight. 

4. From apothecaries’ weight to avoirdupois weight. 

3. From avoirdupois weight to metric weight. 

6. From avoirdupois weight to apothecaries’ weight. 

7. From metric volume to United States fluid sxstem. 

8. From United States fluid system to metric volume. 

Each of these conversions will be illustrated by an example in which the 
( ah'ulations are explained. 

1. From Metric Weight to Apothecaries* Weight. What is the equivalent in 
the apothecaries’ system for 640 <'im. ? 

Two factors are found in the list of fundamental equivalents that might serve 
for this conversion, since they are in reciprocal relationship to each other. 
These are I Gm. ■« 15.432 gr. and 1 gr. ■■ 0.065 tim. Thus grams can be« 
converted to grains by multiplying by 15.432 or by dividing by 0.065. Wher¬ 
ever a choice is offered, it is usually easier to multiply than to divide. There¬ 
fore in this case the oakulation would be as follows: 

6-tO X 15.432 « 9,876.48 gr. 



150 PRINCIPLES AND PROCESSES OF PHARMACY 


It now remains to reduce this quantity to the proper denominations of the 
apothecaries’ system. This is done by di\iding the total quantity by the 
number of grains corresponding to the largest unit that will l)e contained in 
the total quantity. The number of grains corresponding to the next larg€*st 
unit is then applied to the remainder, and the procedure continued in this 
fashion in descending order until the smallest unit is reached. 

5,7^/9,876. t8/l lb. 

.5,760. 

480/1,116.18/8 5 ^ 

3,840. 

60/ 276.18 /1 5 

210 . 

20A ~36. 18/1 3 ^ 

_ 20 . 

16.18 or 16' ^2 5 8^* 

Thus 640 Gm. is equivalent to 1 lb., 8 5, 4 3. 1 3» end 16'^.^^5 gr. (afK)th.). 
It will be noted that division is made only when quantities will 1 h* contained 
one or more times and the process is stopjxid at the diM'imal [)oiiit. This is 
done in order to avoid fractional parts of the larger units. It should Ik* noted 
that the fractional part of the grain ('^25) expressed as a common fraction, 
as is the custom for fractional parts of grains and minims. Decimal fractions 
are reserved for use with metric units. 

2. From Metric Weight to Avoirdupois Weight. What is the equivalent in 
the avoirdiq>ois system for 610 Gm, ? The same quantity as that used in 
Example 1 will also serve to illustrate conversions from metric weight to avoir¬ 
dupois weight as shown below. 

610 X 1.5.132 « 9,876.18 gr. 

The reduction to proper units of the system is made as follows: 

7,000/9,876.18 /1 lb. 

7,000. 

437.5/2,876.48 /6 o/.. 

2,625.0 

251,18 - 251gr. 

Hence 640 Gm. is equivalent to 1 lb., 6 oz., 251gr. (av.). 

3. From Apothecaries' Weight to Metric Weight. What is the equivalent in 
the metric system for 1 lb., 2 S« 1 5* « 3f <tnd 12 gr. (apoth.)P 

Before conversion can be made the total value in grains must be obtained, 
in order that the equivalent expressing the value of the grain in grams may be 
used. 
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1 lb. = 5,760 gr. 

2 3 - 2 X -lOO = 960 gr. 

13= 60 gr. 

2 3 - 2 X 20 = 40 gr. 

__y gr- 

6,832 gr. total 

Af<*<irdinf? to the table of fundamental equivalents, 1 gr. is equal to 0.065 Gin. 
6,832 X 0.065 - Ut.080 Gm. 

It is customary to express quantities in metric weight in this way, rather 
Ilian to list the appropriate quantities under the separate denominations of 
the metric system. 

1. From Afyothecaries^ Weight to Avoirdupois Weight. What is the equivalent 
ill the avoirdupois system for 2 lb., 4 ^ 5» 2 6 gr. (afKith.).^ 

Since the grain is the only unit common to the two systems, the total iiumlier 
of grains must be deV'rniined first. 

2 lb. - 2 X 5,760 = 11,520 gr. 

\ ^ i X 180 = 1.920 gr. 

5 7) * X 60 = 300 gr. 

2 7) - 2 X 20 = 10 gr. 

_^6gr. 

13,786 gr. total 

"rh<‘ total is then reduced to the profier denominations of the avoirdupois 
system by divisions as follows: 

7.000/13.786.0,1 lb. 

7,000. 

137.5/ 6.786,0/15 o/. 

1,375. 

2,111.0 

2,187.5 

223.5 « 22312 gr. 

Hence 2 lb., 4 5,5 2 ^, and 6 gr. is equal to 1 lb., 15 o/., and 1-3^2 K**. 

(av.). 

5. From Avoirduf>oLs Weight to Metric Weight. What is the equivalent in 
the metric system for 1 lb., 2 oz., and 12 gr.? (Note that the abbreviation 
indicates that this is avoirduiKiis weight.) 

Again, the total number of grains must lie determined first. 

1 lb. «* 7,000 gr. 

2 oz. » 2 X 437.5 - 875 gr. 

_;12 gr. 

7,917 gr. 

7,917 X 0.065 « 514.605 Gm. 
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6. From Avoirdupois Weight to Apothecaries' Weight. What is the equivalent 
in the apothecaries’ system for 1 lb., 4 oz., and 218 gr. (av.)? 

This conversion is the reverse of that shown in Example 4. First the total 
number of grains must be calculated. 

1 lb. * 7,000 gr. 

4 OE. = 4 X 4.37.5 =* 1,750 gr. 

218 gr. 

8,968 gr. 

This is then reduced to the proper denominations of the apothecaries’ system 
as follows; 

5,760/8,968/1 lb. 

5,^60 

480A 208/6 
2^880 

60/^ 328/5 3_ 

300 

20/ ^ 28/1 ^ 

_^20 

8 gr. 

Hence 1 lb., 4 oz., 218 gr. is equal to 1 lb., 6 5» 5 5» I 3» and 8 gr. (apoth.). 

7. From Metric Volume to U.S. Fluid System. What is the ecpiivalent in the 
United States fluid system for 6,742 cc.? 

Since 1 cc. is equivalent to 16.23 Tfl, 6,742 X 16.23 == 109.422.66 TTl. It 
then remains to reduce this to the appropriate units of the United States fluid 
system. 

61,iy)/l09,422.66/l gab 
61,440. 

7,680/"^17,982.66/6 pt. 

46,080. 

480/ 1,902.66/3 f5^ 

1 , 110 . 

60/ 462.66/7 fp 

420. 

42.66 or ^ 

Hence 6,742 cc. is equivalent to 1 gal,, 6 pt., 3 fj, 7 f 5» ai'd 42^'*5o 

8. From United States Fluid System to Metric Volume. What will be the 
volume in the metric system equivalent to 1 gal., 1 pt., 6 fj, 3 f3, and 20111? 

Since the equivalent in reciprocal relationship with the equivalent of the 
cubic centimeter in minims was not included in the list of five fundamental 
equivalents previously given, the total volume, in minims, must be divided 
by 16.23» the number of minims in a cubic centimeter, to convert it into cubic 



METROLOGY 


153 


centimeters. 

follows: 


The calculation of the total volume, in minims, is made as 


1 gal. = 61,440 m 

1 pt. == 7,680 m 

6f5 = 6 X 480 = 2,880 m 

3 f3 “ 3 X 60 = 180 m 

20 m 


72,200 

16.23 


72,200 m 
4,448.55 cc. 


Hence 1 gal., 1 pt., 6 f5, 3 f 3, and 20 Til is equivalent to 4,448.55 cc. This 
might also be exj)ressed as 4 L. and 448.55 cc. 



FTo. 3. Equabann balance. 


Weighing Instruments. The instrument used for determining 
weight is usually called a balance or sometimes scales or a pair of 
scales. The word balance is derived from the Latin word bilanx^ 
which is in turn derived from biSy meaning “twice,” and lanXy mean¬ 
ing a “plate” or “scales”; hence the word means “having two 
scales” or “ a pair of scales.” In common practice, the terras scales 
and a pair of scales are used in referring to instruments of limited 
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sensitivity or those used in determining large weights, while the 
term balance is reserved for instruments capable of a higher degree 



Fig. 4. Unequal-arin balance 


of precision. The instrument used by the pharmacist would ordi¬ 
narily be sufficiently sensitive to justify the term balance rather than 

the term scales or a pair of scales. 
The earliest type of instrument 
used for weighing was the equal- 
arm balance, which applies the 
principle of the lever and ful¬ 
crum, one of the simpler me¬ 
chanical devices discussed in all 
courses in physics. Other 
weighing instruments may de¬ 
pend upon the elasticity of a 
coiled spring (the Jolly balance 
or the grocer’s spring balance) 

or of flattened steel bands under 
Fig. 5. Compound-lever balance. balance). 

Only the beam type (equal-arm and other modifications) and the 
torsion balance are used in pharmacy. 
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The Principle of Moments. Regardless of the degree of refine¬ 
ment of the instrument or the modifications involved, all beam-type 
balances employ the same mechanism in one form or another, viz,. 



Fig. 6. Torsion balance. 
j4.j j42 



that of the lever and fulcrum. According to the principle of 
moments, the force applied multiplied by the length of the arm 
(distance from the fulcrum to the point where the force is applied) 
must be equal to the product of the force acting on the opposite end 
of the lever and the length of the other arm. 

In Fig. 7, the weight Wi suspended from the shorter arm Ai and 
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having a value of 200 Gm. may be placed in equilibrium with the 
lighter weight having a value of 100 Gm,, only if the longer arm 
A 2 is twice as long as the shorter arm. Mathematically this prin¬ 
ciple may be stated as follows: 


and 


WiA^ = W2A 


200 X 2 = 100 X 4 


According to this principle, it is therefore necessary in using the 
equal-arm balance to counterbalance the object being weighed with 
a counterpoise (standard weight or weights) of equal mass. In 
dealing w ith greater masses in commercial transactions upon a larger 
scale, advantage is taken of this principle by the use of the unequal- 
arm balance, or even the compound-lever balance, in which a series 
of levers acts one upon the other with the result that the standard 
weight may serve as a counterpoise for objects of many times ifs 
own weight. 

Details of Construction of the Balance. The equal-arm bal¬ 
ance is so constructed that the beam is supported upon a knife-edge 
located at the center of the beam and the pans are supported by 
inverted knife-edges at either end of the beam. The knife-edges 
may be made of specially tempered steel; or, in the case of analytical 
balances, they are frequently made of smoothly polished agate. In 
order to ensure accuracy, the beam should be as nearly inflexible as 
possible and constructed of light material. The bending of the 
beam under excessive loads tends to impair accuracy, since the effect 
of bending is the same as that of shortening the beam. At the same 
time excessive weight of the beam assembly tends to decrease the 
sensitivity of the balance because of the greater inertia of the larger 
mass. In practice manufacturers attempt to effect a compromise 
between rigidity and lightness in weight by such devices as the use 
of a trusslike structure and the employment of lightweight metallic 
alloys. 

From the standpoint of accuracy it is also important for the knife- 
edges at the ends to be equidistant from the center and for all three 
to be on the same plane and parallel to each other. It is also essen- 
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tial for the center of gravity of the beam assembly to be slightly 
below the point of support. The center of gravity of the beam 
assembly is that point about which it will oscillate, or at which the 
weight is exactly compensated in every direction. If the center of 
gravity were above the point of support the beam would fail to 
oscillate, since the center of gravity would be lowered by the swing¬ 
ing of the beam. The nearer the center of gravity approaches the 
point of support, the greater the sensitivity of the balance. Some 
of the better types of balance, such as those used in making analyt¬ 
ical and other accurate weighings of small quantities, are provided 
with an adjustable weight on the indicator, which permits an accu¬ 
rate adjustment of the sensitivity of the balance by shifting the 
center of gravity. 

Sensitivity. The determination of the sensitivity of a balance 
serves as a basis for judging the degree of accuracy which can be 
attained in its use under various (‘onditions of load. When the 
term is used with reference to the analytical balance it has special 
significance. Sensitivity may be defined as the number of scale 
divisions (on the indicator scale) by which the zero point of the 
balance is displaced by an excess load of 1 mg. In order to under¬ 
stand this definition one must know what is meant by the zero point. 
Theoretically this is the point at which the indicator, or pointer, 
would ultimately come to rest if the beam were allowed to oscillate 
freely, protected from all outside influences, such as air currents. 
Actually it is never determined in this way. Observations are 
made, while the beam is in motion, of the points of arrest on both 
the right and the left side of tlie scale zero, one more reading being 
taken on one side than the other, in order that a whole number of 
complete oscillations may be considered. By dividing the total of 
the values for each side by the number of readings on that side, the 
average values (average points of arrest) are obtained. The ditfer- 
ence in the two average values, divided by 2, gives the zero point of 
the balance. The position may be to the right or the left of the 
scale zero, depending upon which of the average values is greater. 

An example of the calculation of the zfero point follows. Assume 
that the readings shown below are obtained for the points of arrest 
of the indicator. 
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Left 

Right 

9.0 

7.6 

8.6 

7.2 

8.2 

6.8 

7.8 


4/30 

3/20 


8.4 average 7.2 average 

8.4 — 7.2 = 1.2 difference 

Then 1.2/2 = 0.6, which means that the true zero point is 0.6 of a 
scale division to the left of the scale zero. 

Having determined the zero point of the balance with no load and 
no excess, the rider is adjusted in such a way as to impose an excess 
load of 1 mg. on the right arm of the balance, and the zero point is 
again determined as before. The number of scale divisions by 
which the zero point is displaced to the left is the measure of the 
sensitivitry of the balance. In testing an analytical balance, it is 
the practice to make the test with varying conditions of load; i.e., 
10-, 20-, and 50-Gm. weights are placed on each pan of the balance 
and the sensitivity determined, in succession, under each load. As 
a general rule, sensitivity tends to decrease with increase in load, 
because of the increase in friction on the knife-edges and inertia of 
the object. Refinements in manufacturing have made possible the 
construction of special types of balance such as those used in micro- 
analytical weighings, which are sensitive to 1/1,000 mg. (0.000001 
Gm.) at full capacity load. 

Types of Balances, The general principles involved in the 
construction and operation of balances were discussed briefly in the 
section on Weighing Instruments (page 153). The purpose of the 
present discussion is to familiarize the student with representative 
types of balance especially adapted to the needs of the pharmacist. 
The type of balance selected for a particular weighing depends upon 
the nature of the substance being weighed, the total quantity to be 
weighed, and the relative importance of accuracy in the weighing. 
It is perfectly obvious that an extremely high degree of accuracy is 
not required in weighing a |)ound of magnesium sulfate that is to be 
sold over the counter to a customer. On the other hand, in the 
compounding of a prescription, particularly where potent substances 
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such as atropine sulfate, strychnine sulfate, or morphine sulfate are 
required, a high degree of accuracy in weighing is vitally important. 
In addition the pharmacist may, in his capacity as a pharmaceutical 
chemist or in the study of a research problem, require a still higher 
degree of accuracy in order to interpret his findings properly. For 



Marble-top dispensing balance 



Harvard trip balance 
Fig 8 Dispensing balances 


convenience we shall speak of the three types of balance suited to 
the three classes of weighing just mentioned as dispensing balances, 
prescription balances, and analytical balances, respectively. 

Dispensing Balances, Balances of this type are used for weighing 
drugs and chemicals that are sold in bulk and for weighing out the 
solid ingredients used in manufacturing pharmaceutical prepara¬ 
tions. In either case, balances should be available that are of suffi¬ 
cient capacity to be useful in manufacturing in fairly large quanti¬ 
ties or in weighing relatively large amounts of material. Extremely 
accurate weighings are of minor importance in view of the total 
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quantity of materials being weighed. As a matter of fact, even in 
preparations involving chemical reactions where two or more ingre¬ 
dients are required in chemically equivalent quantities, it is fre¬ 
quently found that the formula for these preparations as given in 
the Pharmacopoeia or National Formulary is carried out only to the 
nearest whole number of grams. A high degree of sensitivity in a 
balance intended for such weighings is therefore of relatively less 
importance than the sturdiness of its construction and its maximum 
capacity. Two examples of dispensing balances are shown in Fig. 8. 
Another balance admirably suited for such use is the large torsion 
balance, which is shown in Fig. 6. This balance has a capacity of 
10 lb. (4.5 Kg.) and is sensitive to 0.2 Cm. (3 gr.). The mechanical 
principle of the torsion balance is discussed in the description of the 
torsion prescription balance. 

The Harvard trip balance of Fig. 8 is the form that is equipped with a double 
beam, each of which is provided with a sliding weight, or rider, which eliminates 
the need for a separate set of weights for all weighings of less than 210 Gm. 
The upper beam is graduated in 0.1-Gm. divisions up to 10 Gm. and the lower 
beam in 10-Gm. divisions up to 200 Gm. The balance is sensitive to 0.1 Gm. 
(IJ^ gr.) and has a capacity of 2 Kg. (4.4 lb.). 

The marble-top dispensing balance is enclosed in a black wooden case and is 
available in three sizes, having maximum capacities of 7, 8, and 9 lb. (3.2, 3.6, 
and 4.1 Kg., respectively). The balance is equipped with two indicators, which 
appear at the front of the instrument, protected by a glass plate. Separate 
sets of weights are required with this balance. 

Prescription Balances, In the compounding of prescriptions the 
sensitivity of the balance is of much greater importance than a large 
capacity, since a high degree of accuracy is essential and, as a rule, 
the total quantities to be weighed are relatively small. Balances 
suited for this purpose are accordingly less rugged in their construc¬ 
tion than those designed for larger capacities, greater attention 
being given to refinements that contribute to the sensitivity of the 
balance. Two examples of prescription balances are shown in Fig. 9. 

The entire beam assembly of the enclosed prescription balance is 
contained in a wooden case with a hinged cover provided with a 
glass top. The pan arrest is controlled by a knurled knob, which 
is located at the front of the case. Two indicators are provided on 
this instrument, which requires a different method for determining 
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when the balance is in equilibrium from that used for the balance 
provided with a single indicator. Since each indicator is geared to 
the corresponding end of the beam, it follows that each will move a 
like distance in opposite directions from the scale zero. Hence the 
distance of travel from the scale zero for each indicator is always 
equal to that of the other, whether the balance is in equilibrium or 
not. When the balance is in equilibrium, the weights must be so 
adjusted that the two indicators show approximately the same rnaxi- 



Fig. 10. Construction of the torsion balance. 


mum separation for two swings in succession. Or it may b(i said 
that equilibrium is established when the rise above the zero point 
for one of the indicators, on the upward swing, is approximately 
equal to the fall below the zero point of the same indicator on the 
downward swing. The balance illustrated has a capacity of 1 5 
(30 Gm.) and is sensitive to 34 gr- (0.015 Gm.). 

Probably the most satisfactory balance for prescription-room use 
is the torsion prescription balance. The greater sensitivity of this 
balance fully justifies its greater cost when compared with ordinary 
prescription balances using rigid beams supported by knife-edges. 
The loss of sensitivity due to increased friction upon the knife-edges 
* with an increase in load, which is characteristic of these balances, is 
almost completely eliminated in the torsion balance. 

The operation of the torsion balance is based upon the elasticity, or resiliency, 
of tempered steel bands under tension when subjected to twisting or torsion. 
Some idea of the details of construction may be gained from Fig. 10. It will 
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be noted that the beam assembly consists of two parallel beams attached to 
each other by three steel bands. The bands are tightly stretched over trusslike 
frames, which are X-shaped in design. The frames at the ends serve to support 
the balance pans, while the weight of the beam assembly rests on the center 
frame. The points of attachment are indicated at A and A' for the center 
frame and at B and B' for the end frames. At these points the flat band is 
firmly clamped in position, so that any tilting of the beam assembly results in a 
twisting, or torsional, effect, which is applied simultaneously at the six points of 
attachment of the steel bands. 

As the beam oscillates, the frame members remain in a vertical position, 
parallel to each other. However, the slightest movement of the beam from 
its horizontal position, in either direction, distorts the rectangle outlined by 
the upper and lower beams and the two end frames to form a parallelogram. 
The greater the distortion, the greater the forces set up by the steel bands in 
tending to overcome this distortion. Thus it can be seen that the tendency 
of torsional resistance is to maintain the beam in a horizontal position. Since 
the; forces that are set up are considerabh;, the problem of partly overcoming 
these forces, or reducing them, had to be solved before the balancie could be 
made; to respond to slight differences in load. 

The ordinary beam-type balance will not function if the center of gravity 
of the beam assembly is above the point of support, since the swinging of the 
beam to either side lowers the center of gravity and the beam remains in that 
position. In the torsion balance, the reverse is true. The center of gravity is 
purposely placed above the point of support so that the force of gravity may 
be used to compensate for the torsional forces that are set up as the beam 
oscillates. In order to bring this about, counterbalancing weights (not shown 
in the figure) are attached to the upper side of the lower beam. The sensitivity 
of the balance depends upon the delicate adjustment of these weights, both as to 
size and position, so as almost completely to offset the torsional forces of the 
steel bands. The nearness of the approach to equilibrium between the effect of 
gravity, as determined by the location of the center of gravity, and the torsional 
effect, which depends upon the degree of tension upon the steel bands and the 
kind of steel used in their manufacture, determines the sensitivity of the 
balance. 

The balance is enclosed in a glass case, with a plate-glass top and a hinged 
glass cover. Its beam is provided with a rider, which is operated by a rod 
extending from the right end of the case. Two scales for the rider are shown 
on the beam, one graduated in grains and extending from 0 to 15 gr. in J^-gr. 
divisions and the other in grams, extending from 0 to 1 Gm. and subdivided 
into 0.10-Gm. divisions. The same rider serves for both scales and greatly 
facilitates the weighing of small quantities by eliminating the necessity for 
handling small weights. The beam is provided with double indicators, which 
move up and down over a fixed scale. A beam arrest is provided, which is 
operated by turning a knurled knob located at the front of the case. This 
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takes the weight of the beam assembly off the steel bands and should be kept 
locked in position at all times when the balance is not in use. 1 he torsion 
prescription balance has a capacity of 4 5 (120 Gni.) and is sensitive to J 32 gr. 
(0.002 Gni.). 

Analytical Balances, The balances used for analytical weighings 
are precision instruments capable of a degree of accuracy which 
probably surpasses that of most other instruments used in making 
physical measurements. The balances shown and described here 
represent types widely used in analytical laboratories. Fundamen¬ 
tally all these are similar in construction, differing principally with 
respect to the accessories and refinements tliat have been added or 
in the way in which the final adjustment of weight is made, as in the 
use of a gold chain to replace the conventional rider. 

Becker Analytical Balance. The model shown in Fig. 11 is a typical 
example of the rider type of analytical balance. All analytical balances are 
equipped with a mechanism known as a pan arresl, which serves to prevent 
excessive swaying of the pans and to support the beam assembly while minor 
adjustments in weight are made. This device is operated independently of 
the beam-arrest mechanism, which is controlled by the larger milled knob 
shown at the front of the case. The control for the pan arrest is located imme¬ 
diately to the left. Because of the delicacy of analytical weighings, a balance 
designed for such use is always provided with a glass case in order to afford 
protection from air currents, which would otherwise interfere with the accuracy 
of the weighing. The door of the case is always closed before making the final 
adjustment of weights necessary to complete the. weighing. In order to operate 
properly the balance must be perfectly level, and for convenience in making this 
adjustment a spirit level is usually provided. In older types of balance a plumb 
line was used. The balance rests on three points of support, two of which are 
located at the front of the balance case, the third being (centrally located at the 
rear. The front legs are adjustable in height. The object to be weighed must 
be counterbalanced by an equal quantity of standard or calibrated weights, 
which are transferred to the right-hand balance pan in sufficient quantity to 
come within 10 mg. of the final total. At this point the balance case is closed, 
and the final adjustment is then made with the rider, a small platinum wire that 
straddles the beam and that may be moved to any desired position with the 
rider rod, which is manipulated from outside the case. The rider has a weight 
of 10 mg. when placed a 1 the extreme end of the beam, but its effect decreases 
proportionately, in accordance with the principle of moments, as it is moved 
nearer the fulcrum, or central knife-edge. The scale on the beam gives its 
value for any position it may occupy. 

Before a balance is used for weighing it must be inspected to make certain 
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that it is level and then checked for equilibrium by determining the position 
of the zero point at no load and no excess weight. In most cases it is desirable 
that the actual zero, or null point, be made to coincide with the scale zero. If 
they do not coincide, adjustment is made by changing slightly the position of 
one of the adjusting screws, shown at either end of the beam. Even after this 
has been done, it is frequently found that after a few hours have elapsed, 
possibly because of the collection of dust particles on the moving parts of the 



Fig. 11, Becker analytical balance. 

beam assembly, the zero point may have shifted slightly. To correct for such 
minor deviations, the balance sht>wn is equipped with a patented device known 
as the equilibrium adjuster, which consists of a looped gold chain, one end of 
which is attached to the beam at a point to the right of the fulcrum, while the 
other end passes through the top of the case. By turning a thumbscrew, the 
weight of the chain supported by the beam may be varied sufficiently to restore 
equilibrium. This device has the advantage of permitting adjustments to be 
made from outside the case while the beam is in motion. According to the 
manufacturer, this balance is sensitive to 0.05 mg. and has a to tab capacity of 
200 Gm. on each pan. 
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Ainsworth Keyboard Analytical Balance. An operation in analytical 
weighings that is tedious and time-consuming is the placing of the weights 
on the balance pan, each weight being handled with forceps. Since the trial- 
and-error method is used, this means that several weights may be placed on the 
pan that have to be removed, because the total weight exceeds that of the 



Fig. 12. Ainsworth keyboard analytical balance 


object being weighed. The Ainsworth keyboard analytical balance, shown in 
Fig. 12, represents a modern improvement in analytical balances that is designed 
to eliminate the necessity for handling the smaller weights. By means of an 
ingenious keyboard arrangement, each of the smaller weights, ranging from 
1 Gm. downward, jriay be transferred directly to the beam by simply pressing 
the appropriate key located at the front of the balance case. A return key 
automatically clears the beam of all weights at a single operation. A check 
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of the depressed keys serves to indicate which of the weights, are in position 
on the beam at any time. The total weight accounted for by the automatic 
keyboard is 2.210 Gm , subdivided into separate weights having the following 
values - 1 Gm.; 500, 300, 200, 100, 50, 30, 20, and 10 mg. The principal advan¬ 
tage of tliis type of balance lies in the saving of time in the selection and transfer 
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Fio. 13. Ainsworth chainweight analytical balance. 

of weights. This balance has a capa< ity of 200 Cbii on each pan and, according 
to the manufacturer, is sensitive to 0 025 ing. at full load 

Ainsworth Chainweight Analytical Balance. Another method of 
avoiding handling the smaller weights and at the same time permitting slight 
increases or decreases in weight to be made while the beam is in motion involves 
the use of a gold chain, which usually covers a range of 100 mg , as a substitute 
for the smaller weights. Two manufacturers have developed balances equipped 
with devices of this kind. One of these, the Ainsworth chainweight analytical 
balance, is shown in Fig. 13. 
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The chain is,arranged so that one end is attached directly to the beam at a 
fixed distance to the right of the fulcrum, while the other end is attached to a 
movable support op)erated by a rack-and-pinion device or by means of a flexible 
steel tape. Theoretically the weight of that portion of the chain pendent from 
the beam is constant only at one point, which is that at which the beam is in a 
horizontal position, or at rest. Tilting the beam in either direction changes the 
loading on the beam. In the case of a balance of high sensitivity, however, this 
is an advantage rather than a disadvantage, since under normal conditions the 
beam shows rather wide oscillations for minute differences in weight and the 
action of the chain serves to exert a retarding influence upon the amplitude of 
the oscillations. This effect resembles, without exactly duplicating, the effect 
of magnetic damping to be described later in this chapter. 

The style of balance illustrated in Fig. 13 is the Ainsworth chainweight ana¬ 
lytical balance equipped with the notched beam and the 1-Gm. rider-type 
weight. This combination mechanizes the transfer of all weights of less than 
1 Gm. The chainweight device is actuated by a flat steel spring, which is con¬ 
trolled by the knob shown at the right side of the balan(M3 case. The tape is 
graduated throughout a 100-mg. range and is read by comparison with a fixed 
vernier. This offers the advantage of permitting all readings to be made at the 
normal eye level. The vernier has a slight movement, whurh is controlled by 
the knob shown at the left side of the balance. This permits adjustment of the 
zero point to correspond with the zero of the scale by raising or lowering the 
chain as may be required. The vernier may then be adjusted so that its zero 
coincides with the zero of the steel tape. This p)ermits the balance to be brought 
to equilibrium without the necessity for adjusting the counterpoises located at 
the ends of the beam. The adjustable vernier on this balance serves the same 
purpose as the Auto-Dex, or adjustable scale, of the Becker chainomatic balance 
to be discussed in the next section. The cai)acily of the Ainsworth chainweight 
balance is 200 Gm., and it is sensitive to 0.05 mg. 

Becker Chainomatic Analytical Balance. The essential difference 
between this balance, which is shown in Fig. 14, and the balance just described 
lies in the mechanism used to shift the position of the chain and the fact that a 
movable vernier is used instead of the fixed vernier. One end of the chain is 
attached to the vernier, which may be raised or lowered by rotating the knob 
shown at the right of the balance. The beam of this balance is also of the 
notched type and is equipped with a 1-Gin. rider-type weight, which eliminates 
the need for handling any weights of less than 1 Gm. The index scale of the 
instrument is geared to a mechanism known as the Auto-Dex, which is operated 
by the knob shown at the extreme left of the front of the balance. This arrange¬ 
ment permits shifting of the position of the scale to the right or left in order to 
compensate for minor deviations in the equilibrium of the balance. The bal¬ 
ance is also equipped with the equilibrium adjuster described under Becker 
Analytical Balance. The capacity of the balance is 200 Gm. on each pan, and 
it is sensitive to 0.05 mg. under full load. 



METROLOGY 


169 


\iNSWORTH Microanalytical Balance. One of the fields of analytical 
chemistry that have seen a considerable development in recent years is micro¬ 
analysis. In special types of research work involving difficult procedures of 
synthesis or in the isolation of compounds from naturally occurring sources 
where the yields are exceedingly small, it is sometimes extremely difficult to 
obtain appreciable quantities of the pure substance for analysis. Under the 



Fig. 14. Becker chainomatic balance. 


influence of Pregl, Emich, and others, new methods of analysis have been devel¬ 
oped to meet such conditions. 

In order to meet the exacting conditions of microanalysis, special balances 
must be used that extend the limit of accuracy far beyond that of the ordinary 
analytical balance. With ordinary methods of procedure, we are accustomed 
to think in terms of milligraniSj while the niicrochemist thinks in terms of gam¬ 
mas, (A gammay also known as a microgramy is equivalent to 0.001 mg.) As 
an example of a balance suitable for this type of analysis, the Ainsworth micro- 
analytical balance is shown in Fig. 15. Since relatively small weighings are 
involved, the capacity of the balance is limited to 20 Gm. Provision is made 
for two riders on the beam, of 5 and 0.5 mg. each. The beam is graduated from 
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left to right in 100 spaces, and there are 201 notches on the beam Accordingly, 
the larger rider may be set to the nearest *50 gammas and the smaller rider to 
the nearest 5 gammas The balance is equipped with magnifying lenses for 
reading the indicator index and the position of the rider According to the 
manufacturer, since 10 di\ isions are equivalent to 0 1 mg , it is possible to esti¬ 
mate in terms of gammas 



Fig 15. Ainsworth microanalytical balance 


Magnetic Damping Device A close relationship exists between the sensi¬ 
tivity of a balance and the rate at which the beam oscillates. In general, the 
greater the sensitivity, the slower the rate of swing. Since this characteristic 
is inherent in the analytical balance, it follows that accurate weighings with a 
balance of this type require considerable time because of the slow rate of oscilla¬ 
tion of the beam. An appliance that utilizes the principle of magnetic attrac¬ 
tion to decelerate the movement of the beam and bring it to a standstill is 
represented by the magnetic damping device that is shown in Fig 16. 

The apparatus consists of an aluminum plate with a weight, which serves 
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to counterbalance it, and a permanent horseshoe magnet, supplied with an 
arm for attaching it to the pillar of the balance. As the plate moves up and 
down between the poles of the magnet with the movement of the beam, eddy 
currents are set up in the plate, which, by magnetic attraction, retard the 
movements of the beam and bring it to a halt at its true rest point within 15 to 
20 set It should be understood that this attrattion exists only while the plate 
is in motion; once the movement of the beam has been arrested, the beam is 



Fig 16 Magnetic damping device 


freely suspended This device does not interfere in any way with the accuracy 
of the weighings and is particularly useful in conserving time in analytical 
laboratories where large numbers of weighings are required 

Weights. Just as the selection of the type of balance depends 
upon the nature of the substance to be weighed, the total quantity 
to be weighed, and the relative importance of ac(‘uracy in the weigh¬ 
ing, the same factors have a bearing upon the selection of weights. 
Wide differences may exist in the quality of weights and in the accu¬ 
racy with which they are adjusted and calibrated. In general, the 
quality and degree of precision of the weights should correspond to 
the sensitivity of the balance with which they are to be used. It is 
apparent that ordinary commercial weights, suitable for approxi¬ 
mate weighings, would be inappropriate for use with the analytical 
balance. Because of the inaccuracies of the weights, the purpose of 
the sensitive analytical balance would be defeated. Similarly the 
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use of carefully calibrated analytical weights for weighings carried 
out on a balance intended for approximate weighings, such as the 
dispensing balances described in this chapter, would be equally 
unjustifiable. 

All weights used in the United States must agree within certain 
tolerances with the International kilogram, which is represented by 
the platinum-iridium cylinder held at the Inienialional Bureau of 
Standards, near Paris, France. The United States has two authen¬ 
tic replicas of this original standard, which are held by the National 
Bureau of Standards in Washington, D.C., and used as the primary 
standards against which all the working standards of the bureau are 
checked. Certain types of precision weight are accepted by the 
bureau for checking, in accordance with the regulations contained 
in “Design and Test of Standards of Mass,” National Bureau of 
Standards Circular 3. This information is supplemented by various 
Letter Circulars issued from time to time by the bureau and giving 
the schedule of fees .for the various tests and a description of the 
types of certificate issued by the bureau. 

Space does not permit a complete listing of the specifications, 
tolerances, and descriptions of all the classes of weights defined by 
the National Bureau of Standards. For detailed information on 
these, the publications of the bureau previously cited, together with 
National Bureau of Standards, Scientific Paper 527, should be con¬ 
sulted. A few of the classes of weights will be briefly mentioned 
for the purpose of indicating the special uses for which the weights 
of each class are intended. Class M weights are for use as primary 
laboratory reference standards against which other weights may be 
checked or for work where the highest precision is necessary. These 
weights must be of one-piece construction and made of hard, non- 
porous, nonmagnetic metals resistant to corrosion. If made of 
brass, bronze, or other materials that tarnish upon exposure to air, 
they must be plated with gold, platinum, or other suitable tarnish- 
proof metal. The fractional pieces should be made of platinum, 
although the use of aluminum for the pieces from the 20-mg. weight 
on down is permitted. 

Class S weights are intended for use in most of the accurate weigh¬ 
ings of scientific laboratories. Screw-knob weights are permitted 
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in this class, and the larger pieces, down to the 1-Gm. weight, may 
be made of bronze or brass. Unless the material is at least as resist¬ 
ant to corrosion as nickel, it must be plated with gold, platinum, or 
nickel or must be lacquered. The fractional pieces down to the 
50-mg. piece must be made of platinum, and the smaller pieces may 
be made of aluminum. Weiglits of this class must be adjusted to 
the same tolerances as those required for ('lass M weights. 

Class S-2 weights are intended for use in routine laboratory weigh¬ 
ings and include the usual student grade of analytical weights. 
They are required to conform to the specifications of design and 
materials required for Class S, except that the fractional pieces may 
all be made of aluminum or other suitable material of low density. 
The permitted tolerances for weights of this class are five times those 
permitted for Class S weights. 

Class C consists of commercial test weights intended for use in 
work where a superior quality of weights is required for commercial 
or industrial purposes. The weights of this class, being intended 
for technical purposes, are permitted to have considerably wider 
tolerances than the classes previously described, varying for different 
sizes of weights. In general the ratios of tolerances average ten to 
fifteen times the corresponding values for Class S-2. 

Class T represents another technical class known as trade weights. 
The tolerances for these weights are still wider than those for Class 
C, approximating ten times the values for some of the smaller 
weights and fifteen times these values for others. Some idea of the 
actual values of these tolerances may be gained by noting the per¬ 
mitted deviation for the three sizes of weights, which are listed here, 
immediately followed by the tolerance for that size of weight: 1 Gm., 
20 mg.; 100 Gm., 300 mg.; 1 Kg., 1 Grn. 

Dispensing Weights, Weights for ordinary commercial weighings 
are frequently made of cast iron or, less commonly, of brass. Since 
commercial txansactions involve the use of the avoirdupois system 
and since more frequently in manufacturing pharmaceutical prepa¬ 
rations the metric system is used, weights representing both systems 
should be available. Typical sets of each of these are shown in 
Fig. 17. Both sets are made of cast iron, galvanized and aluminum 
painted to prevent rusting. The avoirdupois weights are circular 
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in outline and so designed that they may be stacked one upon the 
other in the order of decreasing size. The weights in the set shown 
range from 3^ oz. up to 4 lb. The metric weights are similar but 
are hexagonal in shape in order to prevent confusion with the avoir¬ 
dupois weights. The weights of this set vary in size from 5 (im. 
to 2 Kg. 




Fig. 18 . Apothecaries’ weights. 


Prescription Weights, Two kinds of weights are required for pre¬ 
scription compounding, apothecaries’ system and metric weight. 
The quality of weights for tliis use should be that of Class S-2. One 
variety of apothecaries’ weights consists of the coin type for units 
down to the half-scruple, the smaller units being made of rectangular 
pieces of sheet aluminum or of aluminum wire. It should be noted 
that the coin-type weights, which are usually made of brass, show 
large characters indicating the denominations in relief upon the 
surfaces. This roughness constitutes a source of error, since such 
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weights are likely to accumulate dirt and dust particles. Because 
of this tendency, the use of coin-type weights is prohibited in some 
states. The cylindrical form of weights, with smooth surfaces, simi¬ 
lar in appearance to metric weights, is to be preferred. Typical sets 
of apothecaries’ weights are shown in Fig. 18. 



Fif. 19 Metric prescription weights. 


Typical sets of metric weights suitable for prescription use are 
shown in Fig. 19. It should be pointed out that, if the torsion pre¬ 
scription balance is used, all need for fractional weights of the metric 
system and for grain weights for units less than the half-scruple is 
eliminated, since the rider of the balance will serve for weighings up 
to 1 Gm. (15 gr.). 

uinalytical Weights. Weights used for analytical weighings 
should be of Class S-2 or, preferably, of Class S. It should be under- 
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stood, however, that, even though the set of weights does not con¬ 
form to the specifications for either of these classes, they may be 
used with equal accuracy if the weights are previously calibrated by 
comparison with standard weights of known value and the exact 
value of each weight is carefully ascertained. This requires the use 
of correction factors for each weight that deviates from the standard 
value. A typical set of analytical weights (which are always in the 



Fig. 20. Analytical weights. 


metric system) is shown in Fig. 20. All sets of analytical weights 
are supplied with a pair of forceps for handling. These should have 
tips of plastic, ivory, or similar material, since forceps with metallic 
tips are likely to mar the surface of the weights and ultimately cause 
a loss in weight due to wearing away of the metal. 

Weights should be kept clean and bright at all times and may be 
refurbished by rubbing with a soft cloth dipped in jewelers’ rouge or 
a mixture of precipitated calcium carbonate and glycerin. 

Care and Use of the Balance. Although a number of sugges¬ 
tions concerning the use of the balance are found in the preceding 
discussion of the various types of balance, a few basic principles and 
rules of procedure should be thoroughly understood before attempt¬ 
ing a weighing. With the possible exception of the balances dis- 
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cussed under Dispensing Balances, it must be appreciated that the 
balance is an expensive instrument, capable of a high degree of accu¬ 
racy, and that as a consequence of its high sensitivity it must be 
regarded as a delicate instrument that must be used properly in 
order to maintain its accuracy. Careless handling or improper 
procedure in weighing may result in serious damage to the delicate 
knife-edges, which may completely destroy the accuracy of the 
instrument. 

As a matter of general procedure, and with special reference to 
prescription and analytical balances, tlie choice of location of the 
balance in tlie laboratory is important. In so far as possible, the 
balance should be placed on a firm support where it will be pro¬ 
tected from vibration. This may be accomplished by installing it 
on a bench or table located immediately above a structural support, 
such as a supporting wall or girder that rests on the foundation of 
the building, or by placing it on a shelf that is anchored in an outside 
wall of the building. 

T'he room in which the balance is installed should be kept as free 
as possible from acid fumes and other corrosive vapors, since these 
ar(' one of the most serious sources of damage. When it is necessary 
for the balance to be installed in the same room where the mineral 
acids, ammonia water, formaldehyde solution, and other volatile 
substances producing corrosive vapors are stored, the plan of install¬ 
ing the balance in a special balance case, made of glass with sash 
doors, is strongly recommended. The doors to the case should be 
kept closed at all times when the balance is not in use. 

With the exception of balances equipped with magnetic damping, 
the determination of equilibrium is always made while the beam of 
the balance is in motion. For the balance with a single indicator, 
assuming that the zero point of the balance coincides with the scale 
zero, this is usually determined by so adjusting the weights that the 
swing of the indicator on one side of the zero of the scale is equal to 
the succeeding swing on the opposite side. For balances equipped 
with double indicators, a slightly different technique is required, 
which was explained in the section on Dispensing Balances. 

The object to be weighed is always placed on the left-hand pan of 
the balance, and the counterbalancing weights are placed on the 
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right-hand pan. This procedure is required for all balances hav ing 
a rider scale extending from left to right over the full length of the 
beam. If the positions are reversed it is impossible to use the rider 
for making the final adjustment of weights. Even if the rider scale 
is divided into two halves, with the zero mark at the center of the 
beam, the custom of placing the weights on the right-hand pan is 
usually followed. 

/n order to avoid errors m addition of the weights used, the so- 
called triple-check” method is recommended. As the weights are 
taken from the case and placed on the balance their total weight is 
computed, in the order of decreasing size. Then the vacant spaces 
in the weight case are noted and the sum of the missing weights is 
used as a check on this total. Finally the total weight is again 
computed as the weights are removed from the balance pan and 
returned to the case. 

Another rule that should be strictly observed is never to place a 
chemical substance directly in contact with the metallic surface of 
the balance pan. For larger balances the use of powder papers is 
recommended. For prescription and analytical balances the use of 
counterbalanced watch glasses of the same diameter as the balance 
pans will be found convenient. The reasons for this rule should be 
obvious. Many chemical substances will react chemically with the 
metal of the balance pan, producing a tarnished appearance and 
roughening the surface. In time a sufficient change in the weight of 
the pan may be produced to exceed the limits for which adjustment 
may be made by means of the compensating adjusting screws located 
at the ends of the beam. For similar reasons volatile corrosive 
liquids, such as nitric acid or hydrochloric acid, should never be 
weighed on a balance unless enclosed in a weighing bottle equipped 
with a ground-glass stopper in order to prevent escape of the vapors. 
The balance pans should always be kept clean and polished. They 
may be burnished in the same manner as described under Weights 
(page 176). 

In the use of the prescription balance and the rider-type analytical 
balance, no change of weights or alteration of the amount of material 
on the left-hand pan is ever made without locking the beam firmly - 
at rest by the use of the beam arrest, the pan arrest, or both. This 



METROLOGY 


179 


is to protect the delicate knife-edges and the agate bearings from 
the effect of shock that would otherwise result. The only weight 
that may be applied to the beam of the analytical balance while it 
is in motion is the rider, or a slight shifting of the chain on the chain- 
omatic or chainweight balance under the same conditions. 

Another rule to be carefully followed is for hot objects always to 
be permitted to cool to room temperature before being placed on 
the balance pan. The observance of this rule is necessary if accu- 
late weighings are to be obtained. The heat radiated from the 
object interferes witli accuracy by setting up air currents in the bal¬ 
ance case and also causes unequal expansion of the beam, which is 
another source of error. 

The door of the balance case must be closed before making the 
final adjustment of weights in order to give protection from air 
currents. 

All weights are to be handh'd by means of foiceps and should 
never be touched with the fingers. Heavy weights should be placed 
near the center of the pan to decrease swaying. 

Testing the Balance. Before attempting a weighing on the analyt¬ 
ical balance, the following inspections and tests should be made in 
order to ensure that it is properly adjusted for accuracy: (1) Make 
certain that the balance is level, as indicated by the spirit level. 
(2) Test the operation of the beam arrest to see that it works 
smoothly and freely. • (3) Check the adjustment of the pan-arrest 
mechanism to make c^^rtain that contact is made with both pans 
when the beam assembly is lowered and that, when locked, the 
mechanism does not interfeie with the free oscillation of the balance 
pans. (4) Make certain that the indicator stands at zero when the 
beam is arrested, by means of either the beam arrest or the pan 
arrest. (5) Check the zero point of the balance (as explained under 
Sensitivity) to see that it coincides with the scale zero of the balance. 
If all these conditions are fulfilled, it may be assumed that the bal¬ 
ance is properly adjusted for weighing. 


Cleaning the Balance. Tn order to function properly, the analytical balance 
must be kept clean at all times, particular attention being given to the bearing 
surfaces of the knife-edges and the moving parts, including the beam-arrest 
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and the pan-arrest mechanisms. The directions that follow outline the proper 
procedure to be followed in the routine care of the balance: 

First remove the hangers and stirrups, by grasping the indicator just below 
the beam, lifting the beam slightly, and at the same time releasing the beam- 
arrest mechanism. It will be found that the stirrups may be lifted from the 
supporting yokes, first from one end and then from the other. The beam may 
then be removed from the center bearing, rare being taken not to strike the 
edges of the agate btiaring or to bend the end of the indicator. Brush the beam 
with a soft cainel’s-hair brush to remove dust particles. 

The agate knife-edges and bearing surfaces should be cleaned with soft tissue 
paper moistened with alcohol or gasoline. Cloth should not be used b€H'ause 
it may deposit lint. Care should be taken not to touch the beam or other 
lacquered surfaces with alcohol, for this will remove the lacquer. 

Brush out with a stiff toothbrush the grooved supports that carry the agate 
knife-edges of the stirrups. Dirt collected in these grooves tends to cause the 
stirrups to stick and to release unevenly. 

Wipe the glass surfaces of the base and the case with chamois skin; wool or 
silk cloth should not Ik* used, for they will juoduce static electricity. Using 
the least possible quantity of a high-grade light oil, lubricate the metal bearings 
and the sliding-contact surfaces of the pan-arrest and of the beam-arrest 
mechanism. Care should l)e taken not to use excessive quantities of oil, as 
this tends to collect dust and causes the mechanism to become sticky. No oil 
should he placed upon the agate hearings. 

The balance may now be reassembled, the beam first being replaced and 
then the stirrups at either end of the beam. Make certain that the beam is 
in proper alignment with the contact surfaces of the arresting mechanism and 
that the stirrups are fitted properly into the grooves of the supporting yokes. 
The only additional adjustment that may be required will be that of the adjust¬ 
ing screws at either end of the beam to restore equilibrium to the balance. 

Instruments for Measuring Volume. According to the 
twelfth revision of the Pharmacopoeia, in the discussion of Volu¬ 
metric Apparatus, page 744, the units of volume were required to be 
in accordance with the standard liter of the Pharmacopoeia at 25°C., 
which was defined as representing the volume occupied by 996.04 
Gm. of distilled water, weighed in air with brass weights. The 
National Bureau of Standards has adopted the true liter, which is 
the volume of 1 Kg. of distilled water at 4°C., except that the weight 
is adjusted to conform to the corresponding volume at 20®C. 
Although the definition of the standard liter of the Pharmacopoeia 
was deleted from the thirteenth revision, a statement appears on 
page 850 of that revision to the effect that volumetric apparatus 
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calibrated at temperatures other than 25°C. may be used, provided 
that the volumetric solutions are standardized at the same tempera¬ 
ture or that suitable temperature corrections are made. As a mat¬ 
ter of fact, practically all volumetric apparatus is calibrated at 20°C. 
in conformity with the requirements of the National Bureau of 
Standards. A brief summary of the specifications for volumetric 
flasks, cylinders, transfer pipettes, and burettes is found in the 
section on Volumetric Apparatus, page 850, of the thirteenth revi¬ 
sion of the Pharmacopoeia, which should 
lie consulted for details. 

Graduates, A commonly used measur¬ 
ing device for dispensing liquids is known 
as the graduate, whi(;h is a conical or 
cylindrical container accurately subdi¬ 
vided into units of volume of the metric or 
the United States fluid system or both. 

Examples are shown in Fig. 21. The cy¬ 
lindrical graduates are usually subdivided 
in the units of the metric system only, 
while conical graduates may be obtained 
with subdivisions in either the United 
States fluid system or the metric system or 
both. The latter form is to be preferred, 
since both systems are widely used in phar¬ 
macy. Cylindrical graduates are avail¬ 
able in 5-, 10-, 25-, 50-, 100-, 250-, 500-, 

1,000-, and 2,000-cc. sizes. Conical graduates with the dual scale 
may be obtained with capacities of 1, 2, 4, 8, 16, and 32 fj, corre¬ 
sponding approximately to 30, 60, 125, 250, 500, and l,0o0 cc., 
respectively. Still smaller graduates of this type, graduated in the 
U.S. fluid system, of 1- and 2-f3 capacity, the so-called “minim’* 
graduates, are also available. Conical graduates having the gradu¬ 
ation marks molded into the glass walls are sometimes used for meas¬ 
urements in technical processes, such as the preparation of developing 
solutions and fixing baths used in photography; but these have been 
found unsuitable for pharmaceutical use because of their lack of 
accuracy. Graduates approved by the Bureau of Standards must be 



Fig. 21. Graduates. 
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individually calibrated, the graduations being etched upon the 
of the graduate. In general the size of the graduate to be used for a 
given measurement should be chosen w ith reference to the volume of 
liquid to be measured. In all cases where the total volume to be 
measured is less than one-tenth the total capac¬ 
ity of the graduate, a smaller graduate is recom¬ 
mended. 

A characteristic behavior of aqueous liquids 
and all others that have the ability to wet a glass 
surface is the formation of a concave surface, or 
meniscus. This is discussed in greater detail in 
Cliap. 8 under the section on Capillarity. Al¬ 
though this effect is less apparent in graduates, it 
is especially pronounced in narrow containers 
such as burett€‘s and pipettes. As indicated in 
Chap. 8, the proper procedure is to read the low¬ 
est point of the meniscus, which is held at the 
level of the eye. This applies to all except deeply 
colored liquids having menisci that are difficult to 
read; these should be read at the top of the col¬ 
umn of liquid. Cylindrical graduates, measur¬ 
ing and transfer pipettes, and binettes approved 
Fig. 22. Volurnet- by the Bureau of Standards are required to show 
ric flask. graduations at stated intervals that completely 

encircle the instrument. This arrangement is useful as a guide in 
determining when the meniscus is at eye level, since at this level the 
graduation will appear as a straight line rather than as an ellipse. 

Volumetric Flasks. Although the principal use of volumetric 
flasks is in the preparation of standard solutions to be used in volu¬ 
metric analysis, they are also conveniently employed in the manu¬ 
facture of liquid pharmaceutical preparations in which it is required 
that the finished preparation shall be adjusted to a definite volume. 
For the sake of accuracy, volumetric flasks are usually calibrated 
“to contain” rather than “to deliver.” This is because it is impos¬ 
sible to discharge completely all the liquid contained in a flask or 
other vessel if the liquid is one that is attracted by glass, on account 
of the effect of capillarity. The usual sizes of volumetric flasks 
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include those of 10-, 25-, 50-, 100-, 200-, 250-, 1,000-, and 2,000-cc. 
capacities. 

Burettes. Burettes are used for the purpose of measuring the 
volume of standard solution (a solution of known concentration) 




Straight burette 



Bent burette Three-way stopcock 

burette 


Fio. 23a. Burettes. 


required to react chemically with a known weight or volume of a 
su^tance or solution of unknown purity or to measure the volume 
of a solution of unknown strength required to react witli a predeter¬ 
mined volume of a standard solution in volumetric analysis. These 
operations are commonly called titrations. The instrument used 








184 PRINCIPLES AND PROCESSES OF PHARMACY 


for such measurements, known as a burette, consists of a narrow tube 
of nearly uniform diameter, graduated in cubic centimeters and 
fractions thereof. The burette is also used to deliver definite vol- 



Schellbach Dispensing 

burette burette 


Fig. 2.36. Burettes, Fig. 23c. Automatic burette. 

umes of solutions of known concentrations in dispensing operations. 
Several forms of burette are shown in Figs. 23a, 6, and c. 

. All except the dispensing burette are manufactured in 25-, 50-, and 
100 -cc. capacities. The dispensing burette may be obtained in vari¬ 
ous sizes, varying in total capacity from 250 to 1,000 cc. The three- 
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way stopcock burette is designed to permit easy refilling by means 
of a reserve supply of the solution contained in a flask in an elevated 
position. The Schellbach burette is specially designed partly to 
overcome the danger of improper reading of the meniscus. The 
back wall of the burette is provided with a vertical blue stripe, whicli 
is magnified by the lens effect of the liquid. At a point above the 
meniscus no magnification occurs. Such instruments are read at 
the point of narrowest constriction of the blue stripe. The Phar¬ 
macopoeia provides that all burettes shall be provided with glass 
stopcocks, except that burettes equipped with rubber tubes, pinch- 
cocks, and glass delivery tubes in place of glass stopcocks may be 
used for potassium and sodium hydroxide solutions and such othiT 
solutions as are best used in tliis t>pe of burette. 

Microhureltes, Reference was made under Analytical Balances 
to microanalysis and the need for special balances of extremely 
high sensitivity for making gravimetric measurements. Since the 
methods used include volumetric procedures, special burettes are 
requiied for accurate measurement of extremely small volumes of 
standard solutions. A. few of the commonly used microburettes 
are shown in Fig. 21. The Schellbach microburette contains 10 cc., 
in 0.05-cc. divisions, and is so calibrated that it may be read to 
0.005 cc.; it is provided with a funnel top for convenience in filling. 
The Fish(T specifications microburette holds 5 cc. and is calibrated 
into 0.01 -cc. subdivisions. A reservoir of sufficient capacity to fill 
the burette about ten times is attached to the burette at a point 
below the graduated portion by means of a filling tube provided with 
a stopcock. The Koch microburette has a three-way stopcock and 
a reservoir used for refilling the instrument. Two interchangeable 
outlet tips are provided, one for calibration and the other for adjust¬ 
ing the delivery to 100 to 110 drops per cubic centimeter. Burettes 
of this type are manufactured in 1-, 2-, 5-, and 10-cc. capacities. All 
but the largest size are graduated in 0.01-cc. subdivisions, and in 
this case the smallest subdivision is 0.05 cc. 

Pipettes. Pipettes usually are tubes, either of uniform bore or 
containing enlarged bulbs, which are used for accurately measuring 
the volume of liquids. As a rule they are filled by suction, applied 
either by the mouth or by a rubber suction bulb. They may be 
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classified into three subdivisions as transfer pipettes, measuring' 
pipettes, and dropping pipettes. AH calibrated pipettes are 
adjusted “to deliver ” the indicated volumes rather than “to con- 
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Fig. 24. Microburettes. 


tain.” Typical forms of transfer and measuring pipettes are shown 
in Figs. 25a and 6. 

As can be seen from the figure, the transfer pipette is intended to 
measure a definite volume of liquid and therefore has only a single 
graduation. After the tube is filled, its outside surface should be 
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wiped free of adhering liquid, the liquid in the tube being retained 
by placing the tip of the forefinger over the upper opening of the 
pipette. As the liquid is allowed to flow out of the tube, the tip of the 
pipette is touched against the beaker, flask, or other receiver. Under 
no circumstances is the last drop to be removed by blowing through 



Fif;. 25a. Transfer pipettes. 


the pipette, for this will involve an error in the volume of liquid 
delivered. The tip of the pipette is held in contact with the glass 
surface of the receiving vessel when it is calibrated, and the same 
procedure must be observed in its use. Transfer pipettes may be 
obtained in smaller sizes, especially for microchemical analysis, but 
the usual sizes are 1, 2, 5, 10, 25, 50, 100, and 200 cc. 
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Measuring pipettes resemble burettes in that tliey are graduated 
to permit the delivery of any desired volume within the capacity of 
the instrument. The usual sizes of measuring pipettes include those 
of 1-, 5-, 10-, 25-, and 50-cc. capacities. Ordinarily the smallest 



Fk;. 25b. Measiiriiig pipettes. 


subdivision shown is 0.1 cc,; however, a 1-cc. pipette may be 
obtained that is graduated in 0.01-cc. subdivisions. 

Dropping Pipettes, These instruments consist of small tubes of 
uniform diameter, drawn to a tip at the lower end and fitted with a 
rubber suction bulb for filling and expelling the liquid. Except for 
types designed for special uses, such as the micro dropping pipette, 
they are ungraduated. The measurements are made by counting 
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the number of drops of a liquid that are dispensed. For reasons 
given under Standard Droppers, which follows, dropping pipettes 
are not to be regarded as instruments of high precision, but they are 
conveniently used in transferring small volumes of liquid where 
accurate measurement is of no particular importance. 

Standard Droppers. Earlier in this chapter, in the discussion of 
tlie United States fluid system, mention was made of the fallacy of 
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Fig, 26. Dropping pipettes. 


confusing the drop of a liquid with the minim. The size of a drop 
of any liquid may vary widely, since the factors that determine its 
size are numerous. In general it may be said that these factors are 
the surface tension of the liquid, its specific gravity, the temper., ture, 
the shape and dimensions of the surface from which the drop is 
formed, and the pressure or rate of flow of the liquid. Thus it can 
be seen thal, for a given liquid, the size of the individual drop may 
be standardized only by controlling all these factors. 

The influence of the shape and dimensions of the surface from 
which the drop is formed may be easily demonstrated by comparing 
the size of a drop of water formed by the ordinary dropping pipette 
with that produced when water is permitted to drip from the under- 
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surface of a large beaker or round-bottom flask. When a liquid 
drips from a tube, if the liquid is one which wets glass, it has been 
found that it is the external diameter of the tube which controls the 
size of the drop rather than the bore of the tube. This is because 
the liquid is held temporarily by capillary attraction between the 
liquid and the glass, and the force of this attraction depends upon 
the total area represented by the end of the tube. If the external 
dimensions of the tube are increased the drops will be larger. It is 
only when the force of gravity overcomes the opposing force of capil¬ 
lary attraction that the drop is formed. 

An effort has been made by the Pharmacopoeia, in the thirteenth 
revision, to standardize the dropping pipette in order to regulate 
the size of the drop. Under the heading Official Medicine Dropper, 
page 667, the official medicine dropper is described as one having its 
delivery end 3 mm. in external diameter and adjusted to deliver 20 
drops of water, weighing 1 Cm., at a temperature of 15°C. A toler¬ 
ance of 10 per cent below or above the specified number of drops, 
corresponding to 18 and 22 drops per gram respectively, is permitted. 

It will be noted that the number of drops that such a standard 
dropper will deliver is based upon the behavior of water and that 
this value cannot be interpreted as applying to other liquids. The 
addition of even small proportions of a solute to water so modifies 
its surface tension that the number of drops per gram yielded by the 
standard dropper may be changed appreciably. If the drop is to 
be used as a unit of measurement for any liquid other than water, 
the only safe procedure is to determine the number of drops obtained 
with a given dropper by a determination of the number of drops 
yielded per cubic centimeter of the liquid and use this factor as a 
guide in dispensing the desired volume. 

Care and Use of Glass Measures. Measures and other glass appa¬ 
ratus should be kept clean. This may be accomplished in a number 
of ways. The most effective and least dangerous method is to wash 
with hot soapy water or water containing one or more of the modern 
detergents such as the alkali phosphates. Rinse the container with 
distilled water, preferably hot, and allow it to dry by inverting on a 
rack and draining. If a clean container is not secured in this man¬ 
ner, more rigorous treatment must be applied. This is obtained by 
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the so-called “cleaning solutions” (see “The Pharmaceutical 
Recipe Book III,” pages 404 to 405), which include dichromate- 
sulfuric acid solutions, and concentrated sulfuric acid, to which a 
small amount of concentrated nitric acid has been added. The 
former solution is usually effective at room temperature if allowed 
to stand for a time in contact with the container, or it may be imme¬ 
diately effective when hot and must then be used with caution to 
avoid severe acid burns. The latter solution when heated is espe¬ 
cially useful in cleaning containers contaminated with organic 
residues. 

Dry containers may be procured by (1) rinsing with hot water and 
inverting the vessel, (2) blowing or drawing clean air through the 
apparatus, (3) placing in a drying oven, and (4) using a clean, soft 
towel, preferably one that has been laundered to remove fillers and 
linters, which streak the glassware. Quick drying may be accom¬ 
plished by rinsing the container with acetone or with alcohol to 
remove surplus moisture, then rinsing with ether. 

STUDY QUESTIONS 

1. What is the meaning of the term metrology? 

2. Name some examples of units for measuring distances that are based 
upon parts of the human body. 

3. What is the origin of the term grain as the name of a unit of weight? 

4. To whom is credit for the origin of the metric system usually 
assigned ? 

5. What is the primary sUmdard from which all metric units are 
theoretically derived? 

6. What is the actual standard that is used for the derivation of all 
metric imits? 

7. What is the standard unit for weight in the metric system, and how 
is it derived? 

8. W'hat is the primary unit for volume in the metric system, and how is 
it derived? 

9. Distinguish between weight and mass. 

10. What differences are noted in the weight of objects when weighed 
at different locations on the earth’s surface, and how are these differences 
explained? 

11. For what kind of transactions is the troy system used? 

12. When is the apothecaries* weight system used? 
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13. What is the application of avoirdupois weight to pharmacy P 

14. What relationships exist between the troy grain, the apothecaries 
grain, and the avoirdupois grain P 

15. What is the standard unit of the United Stales fluid system, and 
how is it defined ? 

16. What relationship, if any, exists between the minim and the dropp 

17. Tabulate the five fundamental equivalents required to make con¬ 
versions of the units of the various systems for weight and volume. 

18. Convert 987 Gm. into proper units of the apothecaries’ system. 

19. Convert 7t3 Gm. into proper units of the avoirdufx>is system. 

20. What is the equivalent in the metric system for the following <|uan- 
tity: 3 lb., 6 5, 35, 2 9, 10 gr. (apoth.)? 

21. Convert the following quantity, expressed in the apothecaries’ 

s>stem, into proper units of avoirdupois weight: 4 Ib., 7 2 5» 2 9, 10 gr. 

22. Convert the following quantity, expressed in avoirdufK>is weight, 
into metric weight: 3 lb., 11 oz., 112 gr. 

23. What is the equivalent in the apothecaries’ system for 2 lb., 5 oz., 
315 gr. (av.)P 

24. Calculate the equivalent volume, in pro})er units of the United States 
fluid system, for 8,173 cc. 

25. What is the equivalent volume in the metiic system for 2 gal., 1 pt., 
4 f3, 2 f3, and 30 m? 

26. Explain the principle of moments as applied to the beam-t^jH' 
balance. 

27. Define the zero point of a balance and explain how it is determiinH . 

28. Define the sensitivity of a balance and explain how it is calculated. 

29. Explain the principle upon which the ojicration of the torsion balance 
depends. 

30. What advantages are claimed for the Ainsworth keylK^ard analytical 
balance? 

31. What are the special advantages of analytical balances empl(»ying 
a gold chain as a substitute for the rider? 

32. What is the principle involved in the use of the magnetic damping 
device, and what purpose does it serve? 

33. Uprm which balance pan should the object to be weighed be placed, 
and why? 

34. Explain the procedure followed in the so-called “triple-chei'k” 
method of computing the sum of the weights used for a weighing. 

35. What are the preliminary inspections and tests that should be carried 
out before undertaking a weighing with the analytical balance? 
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36. What was the standard temperature for measuring the volume of 
liquids that was adopted by the twelfth and earlier revisions of the 
Pharmacopoeia? 

37. What is the standard temperature for volume measurements of 
liquids adopted by the National Bureau of Standards? 

38. Distinguish between the transfer and the measuring pipette. 

39. Describe the proper procedure to be followed in emptying a pipette. 

40. What are the specifications for the official medicine dropper of the 
Pharmacopoeia, and what purpose does this dropper serve? 
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Chapter 8 

THE PHYSICAL PROPERTIES OF MATTER 

A knowledge of the physical properlies of drugs, chemicals, and 
preparations is of fundamental importance to the pharmacist. 
These properties are governed by the laws of physics, and much of 
the work in a beginning course in pharmacy consists in the study 
and application of these laws to substances of pharmaceutical inter¬ 
est. Among the physical properties to be discussed in this chapter 
are the following: specific gravity, specific volume, viscosity, refrac¬ 
tive index, optical rotation, colorimetry, surface tension, and capil¬ 
larity. Other physical properties, such as melting points, congeal¬ 
ing points, and boiling points, are discussed in ("hap. 10. Another 
physical property, solubility, is discussed in Chap. 12. 

DENSITY AND SPECIFIC C;RAV1TY 

The specific gravity of a substance may be defined as the ratio of 
the weight of that substance to the weight of an equal volume of 
some other substance taken as a standard of comparison. The 
standard usually selected for solids and liquids is distilled water, 
and either air or hydrogen is used for comparison with gases. Since 
in pharmacy we are concerned especially with the specific gravity 
of solids and liquids, specific gravity may be defined for our purposes 
as the ratio of the weight of a substance^ to the weight of distilled 
water having the same volume as that of the substance. Ordinarily 
the comparison is made at the same temperature, but this is not 
necessarily the case. The Pharmacopoeia defines the standard tem¬ 
perature as 25°C., and, unless otherwise stated, all spi'cific gravities 
given there are based on this temperature. Frequently expressions 
such as (25V25®), (25V15°), (15®/^®) are used to indicate the tem¬ 
perature conditions under which the estimation is made. The 
numerator shows the temperature of the determined substance and 
the denominator the temperature of the water used for comparison. 

194 
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Density. The term density is defined as the ratio of the mass 
of a substance to its volume. This may be expressed by the for¬ 
mula D = MjY, in which D is density, M is mass, and V is volume. 
Theoretically density may be expressed in any system of weights 
and measures, but it is usually expressed in the metric system, as 
grams per cubic centimeter or kilograms per liter. If expressed in 
this way it is apparent that all true densities would actually be based 
upon a comparison with the weight of an equal volume of water at a 
temperature of 1°C., since the gram is defined as the weight of 1 cc. 
of distilled water at 4°C. It should also be noted that, as was 
pointed out in Chap. 7, weight is not identical with mass but propor¬ 
tional to it. Theoretically specific gravity can be determined at 
any desired temperature, while the temperature of the standard for 
all density determinations is limited to T'C. Because of this fact, 
specific gravity is widel> used in pharmacy, although the terra density 
is frequently en(‘ountered in physics and chemistry. 

Applications of Specific Gravity. A thorough understanding 
of specific gravity is of particular importance in pharmacy for the 
following reasons: 

Since specitic gravity is a physical property of matter, it serves as 
an indication of the identity of many substances. 

It also affords a convenient method for ascertaining the purity 
and strength of man> substances, particularly of liquids. 

It permits the pharmacist to calculate the weight of a given vol¬ 
ume of li((uid or, conversely, the size of the container required to 
hold a given weight of a litpiid. 

Archimedian Principle. Many of the methods for determin¬ 
ing specific gravity are based upon the principle of Vrehimedes. It 
is esstuilial to understand this principle thoroughly before deter¬ 
minations of specific gravity are attempted. It may be briefly 
stated as follows: A body placed in a liquid is buoyed up by a force 
equal to the weight of the displaced liquid. Since the applications of 
this principle deal with two kinds of bodies, rtz., those which float 
and those which sink upon being placed in a liquid, it may be more 
readily understood if restated as follows: (1) A floating body sinks to 
a sufficient depth in any liquid to displace its own weight of that liquid, 
(2) A sinking body^ when immersed in a liquid, undergoes a loss in 
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weight equal to the weight of liquid displaced. It should be noted (hat 
these principles apply to all liquids and all gases, not to distilled 
water alone. Failure to appreciate this fact sometimes leads to 
confusion in the mind of the student. It should also be noted that 
the terra immersed means to be completely submerged beneath the 
surface of the liquid. With the exception of the use of the p>enom- 
eter or specific-gravity bottle, and the Fisher-Davidson gravitom- 
eter, all methods of determining specific gravity of pharmaceutical 
application depend upon tlie principle of Archimedes. These appli¬ 
cations will be made as the various methods are discussed. 

Specific Gravity of Liquids. The methods most commonly 
employed in the determination of the specific gravity of liquids are 
as follows: the pycnometer method; the plummet, or sinker, method; 
the use of the Westphal balance; the use of hydrometers of various 
types and of Lovi’s beads. 

Pycnometer Method. The pycnometer (from pykno, meaning 
close, compact, dense, and metery meaning measure) is a small flask 
having a ground-glass stopper provided with a small capillary opcui- 
ing, so arranged that it may be completely filled with licjuids. thus 
ensuring an accurate means of comparing the weights of ecpial vol¬ 
umes. Another name sometimes used for certain types of pycnom¬ 
eter is specific-gravity bottle. Before the pycnometer is filled, its 
tared (pronounced idrd) weight (weight when empty) is determined. 
Then by completely filling the pycnometer, first with distilled water 
and then with the liquid to be tested, the net weights of equal vol¬ 
umes of the two li({uids are obtained by subtracting the tare from 
the gross in each case. 

Since specific gravity is the ratio of the weight of the substance 
(in this case a liquid) to the weight of an equal volume of w atiT, the 
specific gravity of the liquid is obtained by dividing the weight of 
the liquid by the weight of an equal volume of water. 

Pycnometers may be obtained in various sizes ranging from 5 to 
100 cc. in capacity. The size most commonly used for ordinary 
determinations is 25 cc. Several varieties of pycnometer are avail¬ 
able, such as those provided with caps which fit over the stopper in 
order to prevent loss in weight due to evaporation of the liquid being 
tested. Others are provided with a side-arm capillary tube and a 
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thermometer, which is fitted with a ground-glass connection into the 
neck of the pycnometer and used for the purpose of determining the 
temperature of the hijuid while it is actually being weighed. Still 
another variation is the pycnometer provided with a vacuum jacket, 
made with double walls and having the air partly exhausted. This 
arrangement is for the purpose of heat insulation and tends to guard 
against changes in temperature and conocquent changes in volume 



Fig. 27. Pycnometers. 


while the determination is being made. It should be noted that 
this method differs from all others applied to the determination of 
the specific gravity of liipiids in that the weights of the equal vol¬ 
umes of liquids tliat are being compared are obtained by direct 
weighings. 

Although from the standpoint of accuracy a pycnometer u desir¬ 
able, it is possible to make use of this method even if a pycnometer 
is not available. Any container graduated to contain a definite 
volume of liquid, such as a volumetric flask, a conical or cylindrical 
graduate, or even a prescription bottle of suitable size, may be used 
for this purpose. 

The calculation of the specific gravity by the pycnometer method 
is illustrated in the example that follows: 

An empty pycnometer weighs 18.452 Gni. When it is filled with 
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alcohol, the total weight is 38.702 Gm.; when it is filled with distilled 
water, the total weight is 43.452 Gm. Calculate the specific gravity 
of the alcohol. 


Alcohol 

38.702 Gm. (gross) 
18.452 Gm. (tare) 
20.250 Gm. (net) 


Distilled Water 

43.452 Gm. (gross) 

18.452 Gm. (tare) 
25.000 Grn. (net) 


20 250 

7 -- — = 0.810, sp. gr. of the alcohol. 
25.000 ^ ® 


Sprengel Tithe. The Sprengel tube is essentially a modification of the 
pycnometer, or specific-gravity bottle, intended for use when the supply of 
liquid to be tested is limited. The usual form is that of a IJ tube made of 
capillary tubing, provided with bulbs on both side arms for the purfwse of 




increasing the capacity. The ends of the tubes have caps fitted with ground- 
glass joints to prevent loss by evaporation. The arms of the tube are provided 
with marks that permit accurate measurement of the volume of the liquid 
t)eing weighed. As a rule the tube is weighed while suspended from the stirrup 
of the balance by a platinum wire. The liquid is introduced into the lube by 
means of suction. The weighings that are neces-sary and the method of calcula¬ 
tion are identical with those used in the pycnometer method. 

Nicol Tube. Another modification of the pycnometer, or specific-gravity 
bottle, is the Nicol tube, which closely resembles the Sprengel tube but which, 
as can be seen from Fig. 29, differs from the latter in that it contains a bulb in 
one side arm of the U tube only. It is used in exactly the same way as the 
Sprengel tube. 

Plummet, or Sinker, Method. To make determinations of s^iecific gravity 
by the plummet, or sinker, method, it is necessary to use a hydrostatic balance. 
Hiis is nothing more than a balance so arranged that a sinking body may be 
weighed while immersed in a liquid, the liquid in question being supported 
independently of the balance pan. This may be done with an ordinary balance 
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in several ways, e.g.^ the equal-arm trip balance may be mounted on a ring stand. 
A hook will be found on the lower side of the left arm of the beam to which the 
sinker may be attached by means of a fine tliread. Any weight attached at 
this point has the same effect as if it were placed upon the left-hand platform, 
or pan, of the balance. The beaker or other utensil containing the liquid to be 
tested is placed on the table beneath the balance. For the equal-arm balance 
equipped with balance pans suspended from the beam, a small benchlike support 
is used, which is wide enough to straddle the balance pan and high enough to 



permit the movement of the pan without interference. The beaker or other 
container for the liquid is placed on this support, and the object to be weighed 
hydrostatically is susjKjnded by a fine thread from the stirrup at the left end 
of the l>eam. In making hydrostatic weighings, adjustments must bt nade to 
pennit the full swing of the balance without causing the object to break the 
surfaci>> of the liquid or strike the iKJttom of the container. If the object is 
permitted to rise alxjve the surface ita weight immediately changes because of 
decrease in the buoyant effect of the liquid, since less liquid is being displaced. 
Weighings made under these conditions by the inexperienced operator are a 
frequent source of error in tlie determination of spet'ific gravity by this method. 

The application of the plummet, or sinker, method may be illustrated by 
the following example: \ 20-Gm. brass weight taken from a set of weights, 
when Yteighed hydroatatically in water, shows a weight of 17.62 Gm. When 
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the same object is weighed hydrostatically in alcohol, its weight is found to 
be 18.07 Gm. Since the weight of the object in air is 20 Gin., subtraction will 
show the loss in weight (the buoyant effect) for each liquid. Thus it is found 
that the brass weight loses 2.38 Gm. in water and 1.93 (bn. in alcohol. Since, 
according to Archimedes* principle, a solid when immersed in a liquid suffers a 
loss in weight equal to the weight of the liquid displaced, and since it is safe to 
assume that the brass weight did not undergo any appreciable change in volume 
due to the pressure of the liquids, it must follow that the losses in weight repre- 



Fio. 31. Westphal balance. 


sent the weights of equal volumes of the two liquids. Since 8|)ec‘ific gravity, 
in this case, is the ratio of the weight of alcohol to the weight of an equal volume 
of water, this may be calculated by dividing the loss in weight in alcohol 
(1.93 Gm.) by the loss in weight in water (2.38 Gm.) to obtain 0.81 (the specific 
gravity of alcohol). This means that a given volume of alcohol has a weight 
only 0.81 times as great as the weight of the same volume of water, or that a 
pint of alcohol weighs only 0.81 as much as a pint of water. 

Weslphal Balance. An application of the plummet, or sinker, 
method that is extremely convenient for use in the determination of 
specific gravity of liquid is represented by the Westphal specific- 
gravity balance. This instrument, as can be seen from Fig. 31 , 
consists of a specially devised beam mounted upon a bracket, which 
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in turn is supported by an adjustable pillar. The beam is provided 
with a counterpoise for the plummet and an index pointer at one end. 
The other arm of the beam is subdivided into nine notched and 
numbered divisions and has a pivoted hook at the end for the sus¬ 
pension of the plummet. 

The plummet consists of a weighted glass tube having an enclosed 
thermometer and so adjusted in weight that it will displace exactly 
5 Gm. of water at a temperature of 1 d. 5®C. and weigh exactly 15 
(im. in air. The balance is provided with a set of weights of special 
design in the form of loops with a liook at each end. This arrange¬ 
ment permits tlie suspension of two or more weights from the same 
notch of the beam. There are four sizes of weights, having values 
of 5.0, 0.5, 0.05, and 0.005 (irn. respectively. 

Siru'e the weight of the plummet in air is exactly balanced b> the 
counterpoise at the other end of the beam, immersion of the plum¬ 
met in a licjuid permits a direct measurement of the buoyant effect 
of the liquid being tested. Thus, if immersed in water, the plum¬ 
met will displace 5 Gm. of water. In order to reestablish equilib¬ 
rium it will be found necessary to place one of the largest weights 
(5.0 Ciin.) upon the terminal hook corresponding to the last jK)sition 
on the numbered scale. This means that the specific gravit> of the 
liquid being tested is 1.0. Since, in the testing of any liquid, the 
relative positions of the weights on the beam are proportional to the 
buoyant effect of water upon the plummet, no calculations are neces¬ 
sary. By reading the numbered positions of the weights in the 
order of decreasing si/e and supplying zeros where a given size in the 
series is omitted, the specific gravity may be read directly. It is 
unfortunate that the temperature selected for the standard value in 
the use of the Westphal balance is 15.5''C., in view of the f^c^t that 
the standard temperature of the Pliarmacopoeia is 25°C., since, for 
absolute accuracy, all liquids must be adjusted exactly to this tem¬ 
perature (15.5°C.) before being tested. The selection of this tem¬ 
perature is based on the fact that the instrument was primarily 
designed for testing the specific gravity of alcoholic solutions and 
this temperature approximates the one adopted by the Treasury 
Department in computing the proof gallon, which is the basis for 
the Federal tax on alcohol. ^ 
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The Use of Hydromeiers. One of the most convenient and rapid 
methods for determining the specific gravity of liquids is the hydrom¬ 
eter method. The hydrometer consists of a Boating instrument 

a 


n 



Fig. 32. lIydroniet«r». 


usually made of glass and weighted with mercury or lead pellets at 
one end so that it floats upright in the liquid. In general hydrom¬ 
eters may be divided into two classes, (1) those having constant 
weight with variable volume and (2) those having constant volume 
with variable weight. Of the two classes the first is the more 
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important, since it is the more widely used. The constant-level 
hydrometer and Nicholson’s hydrometer, mentioned later in this 
chapter, are examples of the second class. An instrument of the 
constant-weight type is provided with a long stem extending from 
the central bulb and graduated in such a way that the specific- 
gravity may be read directly or in units of an arbitrary scale, which 
may be easily converted into specific gravity by application of the 
appropriate formula. In order to make the reading, a sufficient 
quantity of the liquid to be tested is placed in a cylindrical con¬ 
tainer and the hydrometer is allowed to seek its level in the liquid. 
Just as in reading the graduate or burette, the point on the scale 
indicated by the lowest point of the meniscus is read. Many hydrom- 
etei's are equipped with a thermometer, which serves to show the 
temperature of the liquid being tested. The temperature at which 
the hydrometer was standardized is usually marked upon the 
instrument. 

Hydrometers designed for special uses have been given special 
names, such as alcoholometers (used in the determination of the 
specific gravity of alcoholic solutions), lactometers (used for milk), 
saccharometers (for sugar solutions), and urinorneters (for urine). 
Other hydrometers have been provided with special scales such as 
the American Petroleum Institute scale, the Baume, the Brix, the 
New York Board of Health lactometer scale, the Qiievenne lactometer 
scale, and the Twaddell scale. A combination frequently met with 
shows the Baume scale with the regular specific-gravity scale. 

Although the hydrometer method is most convenient to use, it 
has a disadvantage in that a considerable volume of the liquid is 
required in order to float the instrument. The actual volume 
required varies considerably, depending upon the style and length 
of the instrument being used. 

Regardless of the type of hydrometer, all determinations involv¬ 
ing its use are based on the principle of Archimedes that applies to 
the behavior of floating bodies: A floating body is buoyed up by a 
force equal to the weight of the liquid displaced. 

The graduation of the hydrometer is easily accomplished by not¬ 
ing the position at which the instrument floats in two liquids of 
known specific gravities. The liquids selected should differ widely 
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in specific gravity so that a greater range may be covered. Upon 
determining the positions on the stem of the hydrometer for the two 
liquids of known specific gravity, the scale is extended along the 
stem of the instrument in proportion to the determined values. 

Constant-level Hydrometer. A variation from the hydrometer having 
a scale was the older type provided with a single mark on the stem. By the 



Fig. 33, Constant-level hydrometer. Fig. 34. Nicholson’s hydrometer. 

addition of weights, which were usually placed on a platform at the upper 
end of the hydrometer stem, the instrument was forced to sink to a constant 
depth as indicated by the single graduation on the stem. A comparison of 
the weight required to submerge it to this })oint in a given liquid, as compared 
with the weight required to eflFeta the same displacement in water, formed the 
basis fot the calculation of specific gravity. This instrument offered no advan¬ 
tage over the use of the hydrostatic balance except that the constant-level 
hydrometer replaced the balance in this determination. 

Nicholson’s Hydrometer. A further modification of the principle of the 
constant-level hydrometer is represented by Nicholson’s hydrometer, which 
was adapted for use in determining the specific gravity of solids as well as 
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liquids. A special container consisting of two cones was attached to the lower 
end of the instrument. The lower cone having the apex upward was used to 
force floating bodies beneath the surface of the water. The upper cone with 
its apex pointing downward was used for weighing objects heavier than water 
while immersed. By noting the weight of a solid in air and the difference in 
weights required to adjust the hydrometer level to the mark when tested with 
and without the solid whose specific gravity was being determined, the buoyant 
€'ffe<a (loss in weight in water) could be obtained. This value divided into the 
weight of the body in air gave the specific gravity of the solid. 

Special Types of Hydrometers. A wide variety of hydrometers 
has been developed for special uses. In many cases they have been 
given characteristic names, and frequently arbitrary scales have 
been adopted bearing no direct relationship to specific gravity. 
Space do(‘s not permit a detailed discussion of all these. Only those 
of special importance or of particular interest to pharmacists will be 
described. 

Alcoholovieters. Hydrometers especially designed for use in 
determining the strength of alcoholic solutions are called alcohol¬ 
ometers. These instrunamts are graduated in the Tralle scale, in 
which the reading in degrees corresponds in numerical value with 
the percentage of alcohol by volume at 15.56®C. (60®F.). This 
particular temperature is used because of the fact that the govern¬ 
ment tax on alcohol in alcoholic beverages is based upon the proof 
gallon, which is 1 U.S. fluid gal. of 100 proof spirit, or its equivalent, 
taken at the temperature of 15.56®C. A strength of 100 proof corre¬ 
sponds to 50 per cent by volume. A special type of alcoholometer, 
known as the wine and must hydrometer^ has three scales, one of 
which reads from 0 to 30° Brix (see the Brix scale under Saccharom- 
eters) and is used for determining the percentage of sugar present 
in wine. A second scale extends from 0 to 15° Tralle and i used 
for testing sweet wines; the third scale is used for the testing of tart 
(dry) wines and covers the range from 0 to 20° Tralle. 

Baume Hydrometers. The hydrometers devised by Baum6 
consist of two instruments, one called the phe-espril, for liquids 
lighter than water, and the other the p^se-acide, or pbse-sirop, for 
liquids heavier than water. The instrument for light liquids is 
standardized by immersing in a 10 per cent (by weight) aqueous 
solution of ordinary salt and in water. The point lo‘ which the 
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hydrometer sinks in the salt solution is marked 0 and the level shown 
in water is marked 10. The scale is then extended proportionately 
along the stem of the instrument. In order to derive the specific 
gravity for the observed reading, the following formula is used: 

Specific gravity = 130 +degrc^ight B W 

Conversely, if the specific gravity of a liquid lighter than water is 
known, the corresponding reading in Baume degrees light may be 
obtained by use of the following formula: 

Baume degrees light = - — 130 

sp. gr. 

The instrument designed for use with liquids heavier than water 
is standardized by placing it in a 15 per cent (by weight) solution of 
salt and in water. The level shown in water is marked 0 and that 
shown in the salt solution 15, and the scale is extended accordingly. 
The formula for conversion to specific gravity is the following: 

Specific gravity il5 1-. degrees heavy Baum6 

The corresponding reading in Baumfe degrees heavy may be 
obtained for a given specific gravity (of a liquid heavier than water) 
by substituting its value in the following formula: 

Baum6 degrees heavy = 145-- 

sp. gr. 

American Petroleum Institute Scale. A inodificution of the Baume 
inAtrument for liquids lighter than water that is npprov<‘d by the Bureau of 
Standards uses the special scale adopted by the American Petroleum Institute. 
This instrument is used exclusively in the testing of gasoline and petroleum 
products. The usual type carries a scale extending from 10 to 45®. A special 
formula must be used for conversion of the observed readings to specific gravity, 
which is as follows; 

Specific gravity at 60»F. (15.56»C.) - nTs y Ught Baum6 

The Twaddell Scale. Another instrument that is used only for liquids 
heavier than water is the Twaddell hydrometer. This instrument is provided 
with a scale so designed that the observed reading, if multiplied by 5 and added 
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to 1,000, is the specific gravity with reference to water tahen as 1,000 at 60®F. 
Conversely, if specific gravity is to be converted into Twaddell degrees, the 
decimal portion of the specific gravity is multiplied by 200. Thus a specific 
gravity of 1.048 would correspond to 

0.048 X 200 = 9.6° Twaddell 

Lactometers. A hydrometer designed especially for determining the 
specific gravity of milk is called a laclorneier. This instrument is used, either 
alone or, more frequently, in conjunction with butterfat determinations, in 
judging the quality of milk. The two most widely used instruments are the 
New York Board of Health lactometer and the Quevenne lactometer. The 
former is graduated in degrees extending from 0 to 120. The 0° reading cor¬ 
responds with the level to which the instrument sinks in water, while the 
reading of 100° is equivalent to a specific gravity of 1.029, which is considered 
to be the minimum specific gravity for a normal sample (unadulterated with 
water). Thus a sample showing a reading less than 100° is regarded as falling 
below the minimum value for unadulterated milk. Conversions from the 
la('tometer readings to 8j:>ecific gravities may l>e made by the following formula: 

Specific gravity =* 1.000 H-- 

lUO 

in which L represents the lactometer reading in degrees. Thus a reading of 
120° would be equivalent to 

1.000 + ^ — = 1.0348 (sp. gr.) 

The Quevenne lactometer is graduated in degrees extending from 15 to 40, 
which correspond to the specific gravities of 1.015 and 1.040 respectively. It 
can be seen that the values are merely abbreviated forms for the specific gravi¬ 
ties, in which the figures in the second and third decimal places (the significant 
values) are used as whole numbers. Degrees of the New York Board of Health 
lactometer may be converted into Quevenne degrees by multiplying by 0.29. 
Both instruments are adjusted for use at a temperature of 60°F. (15.56°C.). 

Saccharometers. The instrument especially adapted for use in determin¬ 
ing the concentration of sugar solutions is known as a saccharometrr. The 
most widely used instrument of this type is the Brix saccharometer. This 
finds application in sugar refining, brewing, and the production of wines. The 
degrees of the Brix scale correspond to the percentage by weight of cane sugar 
in solution, when used at the temperature indicated on the instrument. 

Urinometers. The instrument designed especially for the determination 
of the specific gravity of iu*ine is called a urinomefer. Since the usual range 
in clinical specimens may extern! from a specific gravity approaching 1.000 
to a maximum of 1.060, urinometers are usually graduated to cover this range. 
In order to obtain greater accuracy, three instruments are soqietimes used, 
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showing ranges of 1.000 to 1.020,1.020 to 1.040, and 1.040 to 1.060 respectively. 
On some urinometers only the last two figures of the specific gravity are shown 
on the scale. In such a case a reading of 20 would correspond to a 8f>ecific 
gravity of 1.020. A special type of urinometer is designed for use with small 
samples (10 cc.) and closely resembles the familiar storage-battery hydrometer. 
It consists of a hydrometer tube enclosed in a larger tube chamber to which a 
rubber bulb is attached for the purpose of filling the tube and discharging the 
sample after the reading has l)een made. This tyf)e of instrument is particu¬ 
larly convenient when a large number of samples are to be tested at one time. 



Fig. ,3.5. Urinometers. 


Lovi's Beads, A convenient method for determining the specifit^ 
gravity of liquids, which is used especially in certain industrial proc¬ 
esses such as the manufacture of mineral acids, is the use of Lovi’s 
beads. These are sets of glass bt^ads adjusted to different densiti*^ 
by the varying weights of mercury that they contain. The specific 
gravities of the individual beads are etched on the outside surfaces. 
In use, an assortment of beads, covering the proper range in specific 
gravity, is dropped into the liquid to be tested. Some of these will 
sink immediately to the bottom of the liquid, while others will float. 
If the series is sufficiently narrow in range, at least one bead should 
be found that remains suspended indifferently in the liquid, i.c., 
neither floats on the surface nor rests at the bottom of the container. 
The 8i)ecific gravity etched on this bead indicates the specific gravity 
of the liquid. This is based on the fact that the weight of the bead 
is in equilibrium with the weight of the liquid displaced, since the 
bead neither rises nor sinks. Therefore the specific gravity of liquid 
must be equal to that of the bead. 
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The Fisher-Davidson Gravitomeler. A type of instrument employ¬ 
ing a new principle in the determination of the specific gravity of liq¬ 
uids has been developed recently and is known as the Fisher-Davidson 
gravitomeler. This apparatus affords a rapid method of determina¬ 
tion, since the necessity for all weighings is eliminated, and it is 
especially useful where only small samples of liquids are available. 
The spec ific gravity is read directly from the scale of the instrument, 



Fio. 36. Fisher-Davidson gravitoineter. 


and accurate results are obtained from samples as small as 0.3 cc. 
For most organic liquids, changes in temperature have little effect 
upon the accuracy of the results. The average readings observed 
at 15 and at 25°C. differ from those obtained at 20°C. by not more 
than 0.1 per cent. A correction formula for the effect of tempera¬ 
ture variations is provided for use with other types of liquids and 
solutions. 

Experiments have shown that, if two U-tube manometers (instru¬ 
ments used for measuring the pressure of gases and vapors) that are 
filled with liquids of different densities are connected to a common 
source of suction, the heights of the two liquids will be inversely 
proportional to their densities. This may be expressed algebraically 
as 
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hidi = /22£^2 
h\ __ d>i 
hi di 

in which hi and hi represent the heights of the liquids and di and di 
tjie densities, respectively, of the two liquids. This shows that, if a 
liquid of known specific gravity is placed in one U tube, the specific 
gravity of the liquid in the other tube may be measured. 

The two tubes used in the Fisher-Davidson gravitometer are 
arranged in such a way that the level of the liquid varies in one tube 
only, which makes a single direct reading possible. One of the 
tubes is Z-shaped, with an upper and a lower horizontal arm, while 
the second tube is L-shaped. Both tubes are connected with rubber 
tubing, and an outlet on the L tube is connected to the pump, which 
permits a partial vacuum to be applied simultaneously to both tubes. 

If liquid is placed in each tube and drawn up by suction until the 
menisci of the liquid in the Z tube fall within the upper and lower 
arms, only one variable level need be observed; this is because the 
horizontal arms of the Z tube ensure a constant height for the liquid 
contained in that tube, determined by the span s of the tube, while 
the L tube provides a fixed low er level for the liquid that it contains. 
If a reference liquid such as ethylbenzene (sp. gr. 0.867 at 20°/4®) is 
placed in the L tube, the equation given above becomes 

/ii(0.867) = sdi 
or 

L _ sdi 

'" o:^ 

If the span s of the Z tube is now made equal to 0.867 unit of the 
scale attached to the upright arm of the L tube, the equation 
becomes 

. _ OMldi 

0.867 
or 

hi = di 

and a direct reading of the specific gravity of the liquid is made 
possible. The instrument is calibrated to yield the specific gravity 
at 2074°C. 
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The scale values shown on the instrument are those established 
by the use of certified ethylbenzene in the L tube as the standard of 
comparison. This liquid serves for the determination of all liquids 
ranging in specific gravity from 0.60 to 2.00. For heavier liquids 
the ethylbenzene is replaced by certified carbon tetrachloride (sp. 
gr. 1.595 at 20°/4’^), and in this case the observed scale readings 
must be multiplied by the factor 1.595/0.867, or 1.84. 

For most organic liquids the standard Z tube, having an internal 
diameter of 1.9 rnm., gives satisfactory results. If viscid liquids, 
such as oils and syrups, are tested in this tube, considerable delay is 
encountered in the attainment of equilibrium because of their vis¬ 
cosity. For such liquids the use of a Z tube of 4.0-mm. internal 
diameter is recommended, and such a tube is supplied with the 
instrument. Since water and aqueous solutions have a tendency to 
adliere to the surface of capillary tubes, it is recommended that the 
4.0-mm. tubing should be used for testing these liquids. A special 
tube of 0.8-mm. internal diameter is also available and is recom¬ 
mended for use in testing liquids of low viscosity. 

Specific Gravity of Solids. In determining the specific gravity 
of solids, the selection of method depends upon a number of factors, 
such as the physical form of the solid whether in fine powder or 
in large pieces), its solubility in water and other liquids, and whether 
it floats or sinks in the liquid in which it is to be tested. Although 
the following list of solids does not exhaust the possibilities, it 
includes those combinations most likely to be encountered in 
pharmacy: 

1. Solids heavier than and insoluble in water. 

2. Solids heavier than and soluble in water. 

3. Solids lighter than and insoluble in water. 

4. Solids heavier than and insoluble in water (in powdered form). 

Except for the last class, these dete^rninations are usually made 

by hydrostatic weighings, which consequently involve the applica¬ 
tion of the principle of Archimedes. 

1. Solids Heavier Than and Insoluble in Water, The most convenient 
method for determining the sp'cific gravity of solids of this class involves the 
use of the hydrostatic balance. Two weighings are required, (1) the weight 
of the object in air and (2) it« weight when immersed in water. The following 
will serve as an example of the calculation required: 



212 PRINCIPLES AND PROCESSES OF PHARMACY 


A piece of brass weighs 21.84 Gin. in air and 19.24 Gin. when immersed in 
water. What is its speciflc gravity? The calculation is made as follows: 


Wt. in air 
Wt. in water 

Loss in wt 


21 84 Gni. 
19 24 Gm. 
2 60 Gm. 


Since, according to the principle of Archimedes, a solid when immersed 
in a licjuid undergoes a loss in weight (is buoyed up by a force) equal to the 
weight of liquid displaced, the weight of water having the same volume as the 
piece of brass must be 2.60 Gm. The sjvecific gravity is calculated by dividing 
the weight of the brass in air by the weight of an equal volume of water (loss of 
weight in water). 

= 8 10, sp gr of brass 

2.o0 

2. Solids Heavier Than and Soluble in Water. An example of a solid of this 
type of potassium alum, KAl(S 04 ) 2 * 12 H 20 , which ocTurs in the form of large 
crystals. Because of its solubility in water, it is impossible to obtain an accu¬ 
rate weighing of alum while it is immersed in water, since its weight constantly 
decreases as it dissolves. If some liquid can be found of which the specific 
gravity is known or can be determined and in which potassium alum is insoluble, 
this may be substituted for the water in the hydrostatic weighing. In this case 
oil of turpentine (sp. gr. 0.86) will serve, since the alum is insoluble in the oil. 
The calculation of specific gravity is illustrated by the following example: 

A crystcd of potassium alum weighs 8.78 Gm. in air and 4.48 Gm. when 
immersed in oil of turpentine (sp. gr. 0.86). What is its specific gravity? 

The loss of weight in oil of turpentine is first calculated. 

Wt. of alum in air 8 78 Gm. 

Wt of alum in oil of turpentine 4 t8 Gm. 

Loss of wt. in oil of turpentine 4 ,30 Gm. 

Since the specific gravity of the oil of turj)entine is known to be 0 86 as com¬ 
pared with 1.00 for water, the buoyant effects of equal volumes of the liquids 
would stand in the same relationship to each other as do their specific gravities. 
Thus the theoretical loss of weight of the alum in water would be 

4.30 X ^ - .-j.OO Gm. 

and the specific gravity of the alum is obtained by dividing its weight in air by 
its loss of weight in water (wt. of an equal volume of water). 

Thus 

8 78 

■■ 1.756, sp. gr. of potassium alum 
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3. Solids Lighter Than and Insoluble in Water. The method most com¬ 
monly used for determining the specific gravity of solids of this class depends 
upon the use of the hydrostatic balance. A special method has been applied 
to a few solids lighter than water that does not involve hydrostatic weighings; 
this will be described later. Because a body that is lighter than water will sink 
only far enough to displace its own weight of water, it is necessary to use some 
additional object of sufficient weight and density to force the lighter body 
l>eneath the surface in order that the total buoyant effect (and hence its total 
displacement) may be measured. Although it is a little surprising at first to 
learn that a floating }>ody, when forcibly immersed, apparently loses more 
weight than it possesses, this is perfectly in harmony with the principle of 
Archimedes as related to sinking bodies, since they are buoyed up by a force 
equal to the weight of liquid displaced. If the body is lighter than wat-er, 
naturally the weight of an equal volume of water will be greater than the weight 
of the body in air. 

In order to determine the specific gravity of a body lighter than and insoluble 
in water, the following weighings are usually obtained: (1) the weight of the 
object in air; (2) the weight of the sinker in air; (3) the weight of i)Oth the sinker 
and the object while immersed in water; (4) the weight of the sinker alone 
immersed in water. As will bo pointed out later, only three of these weighings 
are essential to the determination, but the explanation of the calculations can be 
followed nmre readily if all four weighings are used. The example that follows 
will illustrate such a determination. 

A cork weighs 9.40 Gin. in air, and a brass weight used as a sinker weighs 
50.00 Grn. in air. When the two are attached to each other and weighed while 
l)oth are immersed in water, the total weight is lt.28 Gm. When the sinker 
alone is immersed in water, its weight is 44.05 Gm. What is the specific gravity 
of the cork? 

The calculation is made as follows: 


9.40 wt. of the cork in air 
50.00 (im., wt. of the sinker in air 


59.10 Gm., wt. of both in air 
11.28 (im., wt. of both in water 


45 12 Ctui.y loss in wt. of both 
50.00 — 44.05 = 5.95 Gm., loss in wt. of the sinker 

39.17 Gm., loss in wt, of the cork, or the wt. of an equal 
volume of water 
9.40 (wt. of cork in air) 


39.17 (wt. of an equal vol. of water) 


0.239, sp. gr. of cork 


As mentioned above, only three weighings are actually needed to determine 
the specific gravity of solids lighter than and insoluble in water. Accordingly 
the example used as an illustration above might be restated as follows: 
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A cork weighs 9.40 Gm. in air, and a sinker weighs 4i.05 Gm. when immersed 
in water. When they both are immersed in water, the total weight is 14.28 Gm. 
What is the specific gravity of the cork? 

The calculation is made as follows: 


4t.05 Gm., wt. of sinker in water 
14.28 (im., wt. of both in water 
29.77 Gm., buoyant elTect of the cork 


This value represents, not the total weight of water displaced by the cork, but 
only the weight necessary to force the cork from the floating position (where its 
weight would be zero) to complete immersion. Therefore the total weight of 
water displaced would be obtained by adding to this value the weight of the 
cork in air, which is equal to the weight of water it displaced in the floating 
position. 


29.77 -f 10 == 39.17 Gm., wt. of an equal volume of water 

9.40 (wt. of the cork in air) . . , 

= 0.239, sp. gr. of the cork 


39.17 (wt. of an equal vol. of water) 


Special Method for Waxes. A spcvial method for determining the spc'cific 
gravity for substances lighter than water, which may be applied when the 
substance is insoluble in hydroalcoholic mixtures, is the pharmacopoeial proce¬ 
dure,* which was oflicial until Nov'. 1, 1942, for determining the specific gravitv 
of yellow wax and white wax. The principle involves the adjustment of the 
specific gravity of a mixture of alcohol and water to a point at which beads of 
the wax to be tested neither float nor sink in the liquid. Then by determining 
the specific gravity of the liquid the specific gravity of the wax is obtained. A 
similarity is noted between this method and the use of lA)vi’s beads in the detei- 
mination of the specific gravity of liquids; but in this case the si>ccific gra\itv 
of the liquid is adjusted to conform to that of the bead, and the object of the 
process is to find the specific gravity of the solid rather than that of the liquid. 
The pharmacopoeial directions for the proi^ess are as follows: 

‘‘Melt the Wax at a low temperature, and allow it to fall in separated drops 
from just above the surface into alcohol that has been warmed to from 4.'5° to 
50®C. Allow the globules to remain in the alcohol until it has co<)led spontane¬ 
ously to room temperature (20® to 25®C.), then remove the Wax and keep it at 
room temperature for twenty-four hours. Prepare a mixture of four volumes 
of alcohol and enough distilled water to make ten volumes, and allow it to stand 
until free from air bubbles. Moisten the globules of Wax with distilled waU'r 
by using a brush, and place them by means of forceps in the alcohol solution 
just prepared and contained in a beaker. Then add alcohol or air-free distilled 
water, as required, to the mixture, kept at 25®C., to make the globules of Wax 


i**The Pharmacopoeia of the United States of America,** eleventli revision, 
p. 114. 
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float and rest indifferently in the liquid. Finally determine the specific gravity 
of the resultant alcohol-water mixture. The figure thus obtained represents 
the specific gravity of the Wax examined.” 

4. Solids Heavier Than and Insoluble in Water (in Powdered Form). This 
class of solids differs only in physical form from the first class to be considered, 
viz., solids heavier than and insoluble in watt*r. Examples of materials belong¬ 
ing to this classification are barium sulfate, bismuth subcarbonate, bismuth 
subgallate, bismuth subnitrate, bismuth subsalicylate, heavy magnesium oxide, 
mild mercurous chloride, precipitated calcium carbonate, precipitated sulfur, 
purified siliceous earth, purified talc, reduced iron, sublimed sulfur, washed 
sulfur, yellow mercuric oxide, and zinc oxide. The fact that these substances 
fx'cur in a more or less finely subdivided state makes hydrostatic weighings 
impossible. The usual procedure is to make use of a pycnometer for the pur¬ 
pose of determining, by difference, the weight of water actually displaced by a 
weighed quantity of the powdered substance. The following example illus¬ 
trates the method of calculation: 

A pycnometer, when completely filled with distilled water, weighs 42.50 Gm. 
When 10.00 Cim. of reduced iron are placed in the pycnometer and the remainder 
of the space is completely filled with distilled water, the total weight is 51.08 
Gm. What is the specific gravity of the reduced iron? 

Det^ilvS of the method are suggested by the statement of the example. Three 
weighings are required, viz., (1) the weight of the reduced iron taken as a sample, 
(2) the weight of the pycnometer when completely filled with distilled water, 
and (3) the total weight of the pycnometer when it contains the weighed quan¬ 
tity of reduced iron together with a suffic'ient quantity of distilled water to 
o<-cupy the remainder of the space. The calculation of the specific gravity of 
the reduced iron is made as follows: 

42.50 Gm,, wt, of pycnometer filled with water 
10.00 Gm., wt. of reduced iron 

52.50 Gm., theoretical wt., if no water were displaced 
51.08 Gm., wt. of pycnometer, reduced iron, and water 

l.t2 Gm., wt. of water displaced 

Since the reduced iron has displaced 1.42 Gm. of water, this represents the 
weight of an equal volume of water. The sj^ecific gravity is obtained by dixid- 
ing the weight of the reduced iron by the weight of an equal volume of water. 

s 7.01-2, sp. gr. of reduced iron 

It should be noted that the tared weight of the pycnometer does not come 
into consideration in this calculation, since the weight of the displaced water is 
determined by difference and not by direct weighing. It follows that the 
calculation could be made equally well by using net weight*. As a practical 
suggestion, it is recommended that the weight of the sample should be deter- 
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mined by difference, after the tared weight of tiie pycnometer has been obtained, 
by placing approximately ten grams of the f)owdcr in the pycnometer and weigh¬ 
ing accurately. This procedure eliminates the possibility of loss of the powder 
by transfer. 

A frequent source of error in determining the specific gravity of powdered 
substances is the failure to remove completely the air bubbles that have a tend¬ 
ency to form within the bulk of the material. Many f>owdered substances, 
especially when in a fine state of subdivision, tend to repel water and do not 
become moistened immediately. As a result, air is occluded and held within 
the bulk of the powder, where it may escaj>e detection. Gentle shaking of the 
powder with a small amount of water in the pycnometer is sometimes helpful 
in overcoming this difficulty, or the air may be removed by carefully applying 
suction to the pycnometer. If the pycnometer has been filled to capacity, 
gentle tapping on the bottom of the pycnometer may dislodge the air bubbles. 
In more extreme cases it may bo necessary to allow the powder to stand in con¬ 
tact with the water for several hours before finally adjusting the volume, in 
order to ensure the absence of air bubbles. 

A less accurate method, which may b<‘ used when a pycnometer is not avail¬ 
able, is to fill a cylindrical graduate to any convenient level sufficiently below 
its maximum capacity and then note the increas<* in volume when a weighed 
quantity of the powdered material is added. This increase in volume is the 
measure of the displacement caused by the powder. The weight of this volume 
of water is easily calculated and divided into the weight of the powder to obtain 
its specific gravity. 

SPECIFIC VOLUME 

Specific volume may be defined as the ratio of the volume of any substance 
to the volume of an equal weight of some other substance taken as a standard 
of comparison. Since in pharmacy we are especially concerned with the spec’ific 
volume of solids and liquids, for which the standard of comparison is distilled 
water, the definition might be stated for our purposes as the ratio of the volume 
of a substance to the volume of an equal weight of distilled water. Mathemat¬ 
ically, specific volume is the reciprocal of spetific gravity and may be calculated 
directly from the latter by dividing specific gravity into 1.000, i.e., 

Specific volume » 

ftp. gr. 

Because of the reciprocal relationship, it follows that all substances having a 
specific gravity greater than 1.000 will have a specific volume proportionately 
less than 1.000 and vice versa. 

An understanding of specific volume is necessary in order to interpret weight 
and volume relations, e.g., many liquids are purchased by the pharmacist by 
weight and sold by volume units. In the compounding of a formula stated in 
terms of weight units, it is frequently more convenient to measure the volume of 
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a liquid that is equivalent to a given weight. This volume may easily be cal¬ 
culated from the specific volume of the liquid. 

A liquid that is purchased by the pound (av.) but that frequently is sold by 
the pint or fluidounce is glycerin, wliich has a specific gravity of approximately 
1.250. Accordingly its 8f>ecific volume would be 1/1.250, or 0.800. If we wish 
to determine the volume, in units of the U.S. fluid system, for 1 Ib. of glycerin 
the calculation would l>e as follows: 

Since 1 f5 of distilled water weighs 454.6 gr. at 25°C., 1 lb. (7,000 gr.) of 
distilled water would contain 7,000/454.6, or 15.398 fluidoiinces. But 1 lb. of 
glycerin, which has a specific volume of 0.800, would occupy only 0.800 as much 
space. 

Therefore, 15.398 X 0.800 = 12.3184 f5, or approximately 12 f5, 2 f5, 
and 32^f> X\[. 

The conversion is even simpler in the metric system. While theoretically 
1 cc. of water weighs 1 Gm. only at 4°C., it is customary, in practical applica¬ 
tions, to neglect the slight error introduced by assuming that the values are 
equivalent at ordinary room temperature. If we wish to calculate the volume 
of 500 Gm. of glycerin, the calculation would be as follows: 

500 X 0.800 = 400 cc. 

If, in the applications of s{)ecific gravity and specific volume to weight and 
volume units expr(*ssed in the metric system, the slight error due to difference 
in tenq)erature is ignored, the relationships that follow may be stated; they will 
be found useful in making conversions. 

Wt. in Gm. X sp. vol. = vol. in cc. 

Wt. in Gm. - 4 - sp. gr. = vol. in cc. 

Vol. in cc. X sp, gr. = wt. in Gm. 

Vol. in cc. -ir sp. vol. = wt. in Gm. 

VISCOSITY 

Another characteristic property of fluids (both liquids and gases) 
is viscosity. In pharmacy we are particularly concerned with its 
application to liquids. In general the viscosity of a liquid is the 
resistance that it oilers upon being poured from one container to 
another of in conforming to the shape of the container in which it is 
placed. In other words, it is a manifestation of the forces that arise 
within a liquid in opposition to flow and is therefore a measure of 
the combined effects of adhesion and cohesion. 

A liquid that flows easily is said to have a low degree of viscosity 
and a correspondingly high degree of mobility or fluidity. Exam¬ 
ples of mobile liquids are alcohol, water, ether, and chloroform. 
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Syrups, heavy oils, clarified honey, and some of the mucilages are 
examples of viscous liquids. 

The viscosity of a liquid is influenced by a number of factors, such 
as the density of the liquid in question, the temperature at which 
the determination is made, and, since most determinations are based 
upon the rate of flow of the liquid through a tube, the force with 
which the liquid is propelled. In its passage through a tube all 
parts of a liquid do not move at the same velocity, because of the 
attraction of the surface for the tube and the internal friction of the 
molecules of the liquid. Thus the flow of the liquid involves the 
movements of a series of tubes, passing one over the otlicr at differ¬ 
ent velocities, in a manner similar to the movements produced in 
the various sections of a telescope as the instrument is extended. 
It has been found, by careful measurement, that the force per unit 
area necessary to maintain the condition of flow is directly propor¬ 
tional to the velocity of the adjacent layers of liquid and inversely 
proportional to the distance separating these layers. The coeffi¬ 
cient of viscosity, which Webster’s Dictionary defines as “the ratio 
of the tangential frictional force per unit area to the gradient of 
velocity perpendicular to the direction of flow of a fluid,” is based 
upon these principles. 

Viscosity may be expressed by a number of terms; hence the 
terms relative viscosity, absolute viscosity, and kinematic viscosity. 
The methods for determining viscosity vary considerably, depend¬ 
ing on the type of liquid to be tested and the style of instrument, 
called a viscosimeter, that is employed. The usual method is based 
upon a measurement of the time of flow for a measured quantity of 
liquid through a calibrated tube. Other variations include the 
rotating cylinder type of instrument, in which the frictional force 
necessary to revolve a cylinder within the liquid is measured, or the 
float type of instrument, designed especially for testing extremely 
viscous liquids such as asphalt. 

Relative Viscosity. As the term implies, relative viscosity is 
the ratio of the time of outflow of a measured quantity of the liquid 
as compared with the time of outflow for the same quantity of dis¬ 
tilled water measured in the same instrument at the same tempera¬ 
ture. This form of viscosity was recognized by the ninth revision 
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of the Pharmacopoeia, and specific directions for determining it are 
found in the monograph on Petrolatum Liquidum. The directions 
for the determinations are as follows: 

Make a permanent mark about 2 cm. below the bulb of a 50 mil pipette 
of the usual type and note the lime, in seconds, required at 25®C. for the 
level of distilled water to fall from the upper to the lower mark as the liquid 
flows from the pipette. The time should not be less than twenty-five 
seconds nor more than thirty seconds for the pipette selected. 

Draw the Liquid Petrolatum to be tested into this pipette, which should 
be clean and dry, and note the time, in seconds, required at 25®C. for its 
level to fall from the same upper to the lower mark as used for the water. 
Divide the number of seconds thus noted by the number of seconds required 
for water to fall from the upper to the lower mark, as above determined. 
The quotient indicates the viscosity. Distilled water at 25®C. is taken as 1. 

Absolute Viscosity, In general terms, absolute viscosity may 
be defined as the force that will move a unit area of plane surface of 
a liquid, with unit speed relative to another parallel plain surface, 
from which it is separated by a layer of the liquid of unit thickness. 
The unit of absolute viscosity that is commonly used is called the 
poisef which is equivalent to the force of 1 dyne-second per sq. cm. 
The dyne is a unit of force of such magnitude that a particle whose 
mass is 1 Gm. would, under its influence, undergo an acceleration in 
velocity of 1 cm. per sec. 

Kinematic Viscosity. The official form for expressing viscosity 
adopted by the Pliarmacopoeia is kinematic viscosity, which is 
briefly discussed in a pharmacopoeial monograph.^ Kinematic vis¬ 
cosity may be defined as the ratio of absolute viscosity when 
expressed in poises (or centipoises) to the density of the liquid. 
The units that are more properly used with reference to kinematics 
viscosity are the sioke and centistoke. The value of the stoke is that 
of a fluid which has an absolute viscosity of 1 poise and a density 
of 1 Gm. per cc. Thus for distilled water it can be seen that the 
stoke is approximately equivalent to the poise. This relationship 
does not hold true for other liquids but varies according to the den¬ 
sity of the liquid. 

Since both absolute and kinematic viscosity are difficult to deter- 

^ /6iV/., thirteenth revision, p. 716. 
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mine directly, ft is customary to use such instruments as the Say bolt 
Universal, the Saybolt Furol, the Engler, the Redwood I, and the 
Redwood II viscosimeters. The Saybolt instruments are the most 
widely used in the United States, the Engler instrument is more 
commonly used in Germany, and the Redwood viscosimeters find 
greater use in England. The Redwood II and the Saybolt Furol 



Engler 

Fig. 37. 



Saybolt universal 
Viscosimeters. 


viscosimeters are intended for extremely viscous liquids, being pro¬ 
vided with wider capillaries than those of the other instruments. 
The time of outflow obtained with the Saybolt Furol instrument 
usually approximates one-tenth the value obtained on the same 
liquid at the same temperature with the Saybolt I 'niversal visco¬ 
simeter. Readings for both the Redwood and the Saybolt instru¬ 
ments are expressed as the number of seconds of time required for 
the outflow of a standard volume of liquid. The readings obtained 
with the Engler instrument are usually expressed in terms of Engler 
degrees; however, these values are obtained by divi ding the elllux 
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time in seconds for the liquid by the efflux time in seconds for an 
equal volume of distilled water at the same temperature. The 
Ostwald pipette-type viscosimeter is even more rapid and con¬ 
venient. 

The official monograph on Kinematic Viscosity contains a table^ 
that may be used for converting kinematic viscosity, expressed in 
centistokes, into the corresponding Saybolt Universal readings, or 
vice versa. The table shows equivalent values for kinematic vis¬ 
cosities extending from 2 to 70 centistokes and lists the correspond¬ 
ing Saybolt Universal readings (time of outflow in seconds) in three 
columns that correspond to the appropriate values at 37.8°C. 
(100°F.), 54.4°C. (130°F.), and 98.9X. (210°F.). Kinematic vis¬ 
cosity is specifically required as a basis for identification of Liquid 
Petrolatum and Light Liquid Petrolatum.^ 

REFRACTION 

Another physical property of certain substances, of considerable 
importance in its application to liquids, is known as refraction, 
Tliis phenomenon may be defined as the deviation from a straight 
path that a ray of light, heat, or sound waves undergoes in passing 
obliquely from one medium into another in which its velocity is 
different, such as from air into water. In considering the refrac¬ 
tion of light it must necessarily follow that measurements are pos¬ 
sible only in the case of transparent substances; it should also be 
noted that no deviation occurs if the direction of propagation is 
perpendicular to the surface of the denser medium. Refraction 
occurs only if the ray of light strikes the surface of the denser 
medium at an oblique angle. 

From a theoretical point of view, the absolute index of refraction 
may be defined either as the ratio of the velocity of light in a vacuum 
(or, for ordinary working conditions, in air) to that in a given 
medium or as the ratio of the velocities of light in two different 
media. 

Index of Refraction. According to Snell’s law, the index of 
refraction is defined as the ratio of the sine of the angle of incidence 

» Ihid., p. 718. 

* Ibid,, pp. 395 and 397. 
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to the sine of the angle of refraction that is observed when light 
passes obliquely into a medium of different optical density. The 
explanation of this definition may be more readily followed by ref¬ 
erence to Fig. 38, which illustrates the path of a ray of light in 
passing from air, a rare medium, into water, which is a denser 
medium. Both the angle of incidence and the angle of refraction 

are measured with reference to 
the perpendicular. Thus the 
angle of incidence in this figure 
is the angle HOC, and the angle 
of refraction is the angle AOD. 

The term sine is the name of a 
trigonometric function that deals 
with the measurement of angles 
in a right-angled triangle. 
Specifically it is the ratio of the 
length of the side opposite the 
given angle to the length of the 
hypotenuse of the triangle. Re¬ 
peated experiments have dem¬ 
onstrated that for a given substance, when tested with the same 
kind of light, the ratio of the angles of incidence and refraction, as 
well as the ratio of the sines of these angles, remains constant, 
regardless of the value of the angle of incidence. This constant 
ratio is known as the index of refraction. It may be expressed 
algebraically as follows: 



Fig. 38. Refractive index. 


Let I = the angle of incidence 
R = the angle of refraction 
n = the index of refraction 


Then 

sin I 
n = ^B 
sin R 

or 

, n sin I 

sm R = - 

n 

and 

sin / = n sin R 
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In passing from the denser to the less dense medium, as shown at 
A in the figure, the light ray undergoes refraction according to the 
law that governed its behavior upon entering but in the reverse 
direction. Accordingly the angle EAG is equal to the angle BOC, 
and the angle OAF is equal to the angle AOD. Hence if the lower 
surface of the medium is parallel to the upper surface, the emergent 
ray AE will be parallel to the entering ray BO. 

Since the refractive index is a physical property, it may be used 
in much the same way as the specific gravity, boiling point, or melt¬ 
ing point of a substance as a confirmatory test for its identity or as 
a means of detecting adulteration. The fact that the determina¬ 
tion LS dependent upon the transmission of light tends to restrict its 
application, for the most part, to transparent liquids. The Phar¬ 
macopoeia and the National Formulary list the refractive indices 
for the volatile oils and other liquids. Additional information on 
the fixed oils, organic solvents, and other unofficial liquid substances 
may be found in chemical handbooks and other references. Fre¬ 
quently the abbreviation used to indicate the refractive index may 
appear as r?/r^^ or The figures indicate the temperature (in 

degrees centigrade) at which the reading was made, and the letter D 
signifies that the determination was made by using light rays corre¬ 
sponding to the D rays of the spectrum (the light emitted by incan¬ 
descent sodium). Although determinations of refractive index are 
usually not included in a beginning laboratory course in pharmacy 
but are re.served for later consideration, brief mention of this prop¬ 
erty is given at this point in order that the term may be understood 
whenever it is encountered in the study of official substances. 

Specific and Molecular Refraclivity. Although the refractive index 
of a substance varies with temperature, Gladstone and Dale^ foiiim that the 
expression (n — l)/d, in which d represents the density of the substance, 
remains nearly constant at different temperatures. The same holds true to a 
still greater extent if the formula as developed by Lorentz and Lorenz* is used. 
Their formula is as follows; 



' A. Findlay. “ Practical Physical Chemistry,” Longmans, Green & Com- 
l>any, New York, 3d ed., 1920, p. 98. 

* S. Smiles. “The Relation between Chemical Constitution and Some 
Physical Properties,” Longmans, Green & Company, New York, 1910. 



224 PRINCIPLES AND PROCESSES OF PHARMACY 


in which n is the index of refraction of a liquid at a given temperature, d is 
the density of the substance at the same temperature, and Ai is a constant 
known as the specific refraction. This value is nearly independent of the 
temperature at which the readings are made. The product M X k, where 
M is the molecular weight of the substance, is the molecular refraction^ which 
represents a value characteristic of, and peculiar to, a given substance in the 
same way as do tlie other physical properties under discussion in this chapter. 


Refractometers. The instruments used to determine the refrac¬ 
tive index are known as refraclometers. These vary considerably 

in the details of their construction 
and in their use, but all are based 
on the same principle, which in¬ 
volves measuring the deviation of 
a ray of light when it is passed at 
an oblique angle through a layer 
or film of the substance being 
tested. The most common types 
of refractometer are the Abbe and 
the dipping, or immersion, refrac- 
tometers. 

The Abbe Refractometer. This 
name is applied to a type of instru¬ 
ment rather than to one produced 
by a vspecific manufacturer, for 
several manufacturers of optical 
instruments have designed instru- 
The essential parts consist of (1) 
the double Abbe prism, made of highly refractive glass, which holds 
the film of liquid to be tested between the two prisms and which 
can be rotated on a horizontal axis, the position of the prism being 
indicated by the movement of an arm over a graduated sector; 

(2) a telescope for observing the border line of total refraction; 

(3) a compensator, which serves to correct for chromatic aberration, 
converting the border line of total refraction into a colorless line; 
and (4) a sector, which is rigidly attached to the telescope, grad¬ 
uated in terms of refractive indices, and usually extending from 
1.300 to 1.700. The prisms are provided with water jackets through 



Fig. 39. Abbe refractometer. 
ments of the same general class. 
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which water at an accurately controlled temperature is circulated 
for some time prior to and during the taking of readings. 

The Dipping Refraciometer. This instrument is designed to cover 
a smaller index range than the Abbe type of instrument but with a 
higher degree of accuracy. In general it is used for those liquids 
having indices of refraction ranging from 1.325 to 1.366. If higher 
ranges are desired, special prisms 
may be added, but these must be 
incorporated in the optical sys¬ 
tem at the factory and are not 
demountable. The dipping re- 
fractorneter is used in conjunc¬ 
tion with a special refraciometer 
bath equipped with a glass plate 
in the bottom and a mirror to re¬ 
flect light up through the sam¬ 
ples. The bath is filled \\ith 
water of know n temperature, and 
the samples of licpiid to be tested 
are placed in small b(‘akers on a 
spi^cial inclined shelf, so arranged 
that th(* beakers are partly im¬ 
mersed in the water. The prism 
of the refraciometer is then 
dipped into the sample to be 
tested. After correcting for 
chromatic aberration by appro¬ 
priate adjustment of the compen¬ 
sator, the position of the line of total refraction is noted with ref¬ 
erence to an arbitrary scale, which is found in the field of the instru¬ 
ment, extending from 0 to 100. Conversion to refractive index is 
usually made by reference to a table furnished with the instrument, 
or the value may be derived mathematically. The greater degree 
of accuracy that may be obtained with this instrument is due to 
the fact that a narrower range is covered, which permits a greater 
degree of magnification of the border line, with a resulting increase in 
the sharpness of the image. 
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Fisher Refraclometer. A relatively new type of refractometer, 
which employs the principles reported by Dr. E. E. Jelley, has 

recently been made available. 
This instrument permits direct 
reading of the refractive index on 
an illuminated, transparent scale 
and covers a range of 1.30 to 1.90, 
with subdivisions of 0.01. Ex¬ 
treme*! y small quantities of liq¬ 
uids may be tested with this 
instrument, the sample being 
placed in a small wedge-shaped 
well located at the eyepiece. 
Light is admitted at a slit at the 
front of the instrument, and the 
virtual image of the slit is pro¬ 
jected onto the illuminated scale. 
The instrument has no moving 
parts and is much less expensive than either of the two instruments 
described in the preceding pages. 



Fig. 41. Fisher refractometer. 


OPTICAL ROTATION 

Another physical property of considerable importance, particu¬ 
larly in its application to certain types of organic compounds, is 
known as optical rotation. This phenomenon is based up)on the use; 
of plane-polarized light, commonly called polarized light. The 
earlier view of the transmission of light, which succeeded the cor¬ 
puscular theory as advocated by Newton, was known as the wave 
theory. According to this, it was assumed that light is a longitu¬ 
dinal form of wave motion similar to that of sound waves except 
that the waves are of higher frequency and shorter in length. It 
was not until the study of the phenomenon of polarization in 1808 
that physicists were forced to adopt the transverse-vibration theory 
of light. According to this theory, the vibrations in a ray of ordi¬ 
nary light occur in a plane at right angles to the direction of prop¬ 
agation, with the direction of vibration constantly changing. In a 
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ray of polarized light the vibrations are also transverse but take 
place in only one direction. 

As early as 1669 it was observed that when light passes through a 
prism of Iceland spar (calcite), it is transmitted as two distinct 
beams. This phenomenon is known as double refraction. One ray 
of light is found to be completely refracted, following the direction 
indicated by Snell’s law of refraction. This ray is called the ordi¬ 
nary ray. The other ray passes through the prism and is called the 
extraordinary ray. Further investigation revealed that the extra¬ 
ordinary ray consisted of vibrations in only a single plane. An 
application of this principle has been made in the Nicol prism, which 
is named for its inventor. This device furnishes a convenient 
means for generating plane-polarized light. It is produced by cut¬ 
ting a crystal of Iceland spar along its optical axis, carefully remov¬ 
ing a wedge-shaped segment, and cementing the polished cut sur¬ 
faces together with Canada balsam. This is done in such a way 
that the ordinary ray is totally refracted and only the extraordinary 
ray passes through the prism. Although the ray that emerges pos¬ 
sesses less than half the intensity of the entering ray, it is plane- 
polarized, or consists of vibrations in a single plane. 

When plane-polarized light is passed through certain substances, 
especially liquids and solutions of solid substances, the plane of these 
vibrations is twisted, or rotated, to either the right or the left, 
depending upon the nature of the substance. Such a substance is 
said to be optically active, or to possess the property of optical 
rotation. It is customary to refer to the activity as dextrorotatory 
(dextrogyrate) if the direction of rotation is to the right and levo- 
rotalory (levogyrate) if the rotation is to the left. 

Although optical rotation may, in some cases, be a proi>erty of 
certain naturally occurring mineral substances and may also be 
induced by passing polarized light through certain substances in the 
presence of a magnetic field, we are primarily concerned with optical 
rotation that is due to a peculiarity in the molecular structure of 
certain organic compounds. The optical activity of these com¬ 
pounds is attributed to the presence of one or more asymmetric 
carbon atoms within the molecular structure of these substances. 
An asymmetric carbon atom may be defined as one connected with 
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four groups, no two of which are alike in structure. Among the 
common examples of organic compounds that are optically active 
because of this peculiarity of structure are the naturally occurring 
sugars, such as sucrose, maltose, lactose, dextrose, and fructose. 

In order to measure the rotatory power of optically active sub¬ 
stances, special instruments have been devised which are known as 
polarimeters, polariscopes, or, when us(‘d especially for the deter¬ 
mination of sugars, saccharirneters. The polarized light must be 
transmitted through a substance in order to measure its optical 
activity. For this reason, solutions of solid substances (in optically 
inactive solvents) are prepared for examination in the instrument. 
Since the optical rotation is directly proportional to the concentra¬ 
tion and the length of the column of solution (or liquid) being tested, 
it is necessary to limit these factors in order that comparisons may 
be made. 

Specific Optical Rotation. In addition to the influence of the 
concentration and the length of the column of liquid tested upon 
the reading, it has been found that the results may also be alTected 
by the temperature and the kind of light employed. The standard 
value for comparison of the power of optical rotation is called the 
specific optical roialion, which is commonly designated by the symbol 
This may be defined as the number of angular degrees of 
rotation produced when a solution corresponding to a concentration 
of 100 Gm. in 100 cc. is examined in a tube 1 dm. long, in mono¬ 
chromatic light corresponding to the D rays of the spectrum (sodium 
light), at the temperature indicated by the letter I in the symbol. 
By international agreement, 20°C. has been adopted as the standard 
temperature at which saccharimeter readings are made, and this is 
likewise the temperature most frequently found in tabulations of 
specific optical rotations in reference books and handbooks. Con¬ 
sequently the symbol for specific optical rotation usually appears as 
[a] 2 >*®. Since optically active substances may be either dextrorota¬ 
tory or levorotatory, it is customary to use a plus sign [+] before the 
reading to indicate a reading to the right and a minus sign [—] 
before the number of degrees to indicate a reading to the left. 

Since the specific optical rotations of many organic compounds 
are known, the polariscope affords a rapid and convenient method 
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for the quantitative analysis of such substances. By computing 
the theoretical specific optical rotation from the observed reading 
of a sample of unknown strength and comparing this with the known 
specific optical rotation of the pure substance, its percentage com¬ 
position may readily be obtained. 



Fit;. V2. PolariiiH‘UT. 



Hflilf'Shciclow Triple-shadow 

Fig. 43. Polarinieter end-poiut devices. 


The Polarimeter. The instruments used for measuring the extent of 
optical activity are the polarimcfer (or polariscope) and the saccharinieter. 
The polarimeter is calibrated in angular degrees and consists essentially of a 
polarizer and an analyzer, both of which are Nicol prisms that are separated 
so that the optically active substance, contained in a polariscopic tube fitted 
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with transparent windows at either end, may be interposed. The polarizer 
remains in fixed position, but the analyzer may be rotated to compensate 
for the rotation of the substance being tested. The movement of the emalyzer 
is registered in angular degrees and minutes. Details of the end-point device 
may vary, some instruments employing the triple-shadow and others the half¬ 
shadow device. The appearance of the field for each of these types of end-point 
devices when in a position such that the prisms are crossed, i.e., when the 
analyzer is not in the same plane as the rays transmitted by the polarizer, is 
shown in Fig. 13. In effect the end |)oint of th<^ instrument is reached by 
turning the analyzer until all parts of the field of vision are equally illuminated. 



Fig. 44. Saccharimeter. 


The Saccharimeter. A modification of the polarimeter intended for the 
special purpose of determining sugars is known as the saccharimeter. Instead 
of being calibrated in angular degrees, these instruments employ arbitrary 
degrees, either of the Ventzke sugar scale or the Laurent (French) sugar scale. 
The values of these units are selected in such a way that when a predetermined 
weight, sometimes called the normal weighty of a sugar sample (which varies 
for each sugar, since it is based upon the specific optical rotation of that par¬ 
ticular sugar) is dissolved in sufficient water to prepare 100 cc. of .solution and 
this solution is examined in a 200-mm. tube, the reading, in terms of the degree 
of the scale being used, will correspond to the percentage of that particular 
sugar in the sample. For converting readings of the saccharimeter into angular 
degree readings the following factors are used: 

1 deg. Ventzke equals 0.3468 deg. angular rotation. 

1 deg. Laurent equals 0.2167 deg. angular rotation. 

The Ventzke scale is used by the Schmidt and Hansch, the Peters, and the 
Fric saccharimeters. The Laurent scale is found on the Laurent-Jobin and the 
Duboscq-Pellin saccharimeters. 
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COLORIMETRY 


When light passes through a solution of a colored substance, some 
of it is absorbed. The higher the concentration of the substance 
responsible for the color, tlie greater will be the absorption of light. 
Thus the measurement of the amount of absorption serves as a 
means of determining the concentration of the colored constituent. 
This method is known as colorimetric a/ialysis, or colorimetry, and 



Kio. 45. Coloriineler. 


Fig. 46. Duboscq colorimeter. 


the instruments used for this purpose are known as colorimeters, 
color comparators, or iiutomelers. Such determinations are usually 
based upon a direct comparison with a standard solution (a solution 
of known concentration) of the substance under investigation. 
This may be done in three ways, (1) by varying the amount of the 
chemical substance in a given volume of solution until it matches 
the color of the unknown solution, (2) by dilution of the solution of 
a given weight of the colored substance until it matches.the color of 
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the unknown solution, and (3) by matching the color of the two 
solutions by changing the thickness of the column through which the 
light must pass for one of the solutions, the thickness of the column 
of the other solution remaining constant. 

Although fairly accurate comparisons may be made directly by 
simply viewing the two liquids (contaim^d in tubes of like dimen¬ 
sions and of the same grade of glass) transversely against a white 
background, the determination is more conveniently made by using 
an instrument especially designed for this purpose. The principle 
usually applied is that of varying the thic kness of the column of one 
of the solutions, either by changing the position of a piston in a 
cylinder containing a reserve supply of the liquid or by raising or 
lowering the level of a plunger (a glass prism through which the 
light passes) by means of a rack-and-pinion device. In either case, 
the color imparted to the light that passes througli the two liquids 
is transmitted by means of reflec’tors onto the two halves of the 
circular field, which is viewed through the eyepiece. When the two 
halves of the field show no perceptible difference in color, the liquids 
are considered matched, and the relative concentrations may b<‘ 
calculated by comparing the relative heights of the two columns; 
the concentration of a given solution varies inversely with the height 
of column necessary to match the two li(|uids. Some of the instru¬ 
ments of the Duboscq type are provided with reading scales, which 
may be read directly from the eyepiece position. 

The Electrophotometer. Within recent years the application 
of the electrophotometer to colorimetric determinations has been 
introduced. Although it is beyond the scope of this book to discuss 
in detail this instrument and the principles upon which its opi*ration 
is based, it is being mentioned at this point in order that it may be 
known that such instruments are available. They represent a par¬ 
ticularly useful tool in many colorimetric determinations, especially 
in the field of biochemistry and in manufacturing pharmacy. 
Because of its greater sensitivity, the instrument is capable of 
detecting differences in color that are indiscernible to the eye. A 
potentiometer is employed in this instrument to measure the cur¬ 
rent output of a photoelectric cell, the output being directly pro¬ 
portional to the amount of light that strikes the surface of the cell. 
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The light that is transmitted through the colored solution is directed 
to the photoelectric cell, and the reading is taken from the scale of 
the potentiometer. By comparison of this value with that obtained 
with a standard solution, either directly or by referring to a plotted 



Fi(i. 17. Klectrophotonieter. 


curve as circumstances may require, the concentration of the 
unknown solution may readily be determined. 

SURFACE TENSION 

A physical property of considerable importance in its influence on 
the behavior of liquids is known as surface fension. This may bt^ 
defined as that property arising from molecular forces which mani¬ 
fests itself in the tendency of the surface film of all liquids to bring 
the contained volume into that form having the smallest possible 
superficial area. It will be recalled that the ratio of surface to 
volume is less in the sphere than in any other conformation. The 
tendency of a falling drop of a liquid to form an almost perfect 
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sphere is the result of surface tension, as is the spherical form of soap 
bubbles. This effect is utilized in a practical way in the manufac¬ 
ture of lead shot by permitting molten lead to pass through a sieve 
and fall through a shot tower into a pool of water. The familiar 
experiment of the greased needle that is floated on water, despite 
the fact that the needle has a greater specific gravity, is an example 
of the effect of surface? tension, as is the apparent ability of certain 
insects to walk on the surface of water. It is helpful in gaining an 
understanding of surface tension to consider the film on the surface 
of a liquid as a stretched elastic membrane that tends to contract 
whenever possible. Many of the effects that are produced by suir 
face tension are comparable to those which would be brought about 
by such an elastic membrane. 

The explanation of surface tension depends on an understanding 
of cohesion. The latter may be desc ribed as an attractive force 
that like particles or molecules exert mutually upon each other. If 
we consider the effect of cohesion on an individual molecule, located 
well beneath the surface of a liquid, we find that it is attracted to 
the molecules surrounding it; but these forces offset each other, 
since they extend in all directions in spac e, so that molecular equilib¬ 
rium is maintained. Now consider another molc'cule, IcK'ated at th(‘. 
surface of the liquid. The molecular attraction here tends to pull 
the molecule downward, and there is no compensating forc*e tending 
to pull the molecule upward. The result is that the molecules in or 
adjacent to the surface are pulled toward the interior of the liquid, 
and this force tends to decrease the surface of the liquid. 

Cohesion and Adhesion. The explanation just given for sur¬ 
face tension indicates that it is the result of attraction of like par¬ 
ticles or molecules. This force is known as cohesion. Attractive 
forces may exist between molecules or particles that are unlike each 
other, as between wood and glue or between stone and cement. 
This kind of attraction is known as adhesion. 

Capillarity. The term capillarity is used to indicate the action 
by which the surface of a liquid, where it is in contact with a solid 
(as in a capillary tube), is elevated or depressed. Capillary attrac¬ 
tion depends on the relation between the attraction of the molecules 
of the liquid for each other (cohesion) and their attraction for the 
molecules of the solid (adhesion). The effect of capillarity is easily 
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demonstrated by observing the level that liquids attain in tubes of 
small diameter (called capillary lubes, from capillus, a hair, because 
hairlike dimensions are approximated). The capillarity of the 
liquid determines the extent of the increase or decrease above or 
below the general level of the liquid that is shown when one end of 
the tub<‘ is dipped in the liquid. 



VV^ater Mercury 

Fig. 48. Capillary elfect of water and mercury in small tubes. {From N. H. 
Black, ** An Introductory Course in College Physics,*^ The Macmillan Company^ 
New York, 1935.) 

Assume that we have two U tubes (Fig. 48) with their side tubes 
having diameters of 30 mm. and 1 mm., respectively. If one tube 
is iilled with water and the other with mercury, it will be observed 
that, in the case of each li([uid, the levels in the two arms of the tube 
are unet{ual, which is not in accord with the general law of hydro¬ 
statics that a liquid will stand at the same level in two communicat¬ 
ing vessels. This abnormality is due to capillarity, Ind the differ¬ 
ence in the behavior of the two liquids may also be explained. The 
water wets the surface of the glass and is attracted by it, which 
means that the adhesion is great. On the other hand, the mercury 
does not wet the glass becauvse the force of adhesion is less than the 
force of cohesion of the particles of mercury to one another. This 
gives the appearance of a repulsion between the glass and mercury. 
It will be noted that the surface of the mercury is convex, while that 
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of the water is concave. In the case of the water, each tube tends 
to draw up the liquid against the force of gravity; and the narrower 
the tube, the higher the water is raised. 

This antagonism between the forces of cohesion and adhesion, or 
the capillarity of the liquid, explains why the surface of liquids in 
narrow containers appears, not as a horizontal plane, but as a curved 
surface, the degree of curvature tending to increase as the diameter 
of the tube decreases. The curved surface of the liquid is known as 
a meniscus (plural, menisci). When measurements of the volumt^s 
of liquids are made in a wider container this effect is not pronounced; 
but in such devices as narrow cylindrical graduates, pipettes, and 
burettes, care must be taken to avoid error in reading because of the 
curved surface of the meniscus. Most liquids are attracted to 
glass or are said to have the ability to wet glass. (Mercury is 
an outstanding exception.) These liquids, therefore, have concave 
menisci. The rule that is always followed is to use the lowest point 
of the meniscus as tlie point of reference. However, since this point 
is in the center of the pipette, burette, or other measuring device, 
error will be introduced unless the irauiiscus is held at the level of 
the eye. If it is held above eye level, the angle of the line of sight 
will be such as to give a value in excess of the true volume; if held 
below, the reading will be less than the true volume. This source 
of error is sometimes spoken of as the effect of parallax. 

Many instances may be found in which the surfaces of liquids, 
when in contact with solids, assume shapes and positions that are 
apparently at variance with the laws of hydrostatics; such cases are 
considered as examples of capillarity. A few of the familiar illus¬ 
trations include the soaking up of water by a sponge, tln^ penetra¬ 
tion of varnish into wood, the rising of oil in the wick of a lamp, the 
clinging of ink to a pen point, the flow of ink from pen to paper, the 
absorption of Ak by blotting paper, the travel of moisture through 
the soil, and the permeation of a powdered drug by the menstrum 
in percolation and other processes of extraction. 

The Measurement of Surface Tension, The value of the 
surface tension may be determined in several ways, as by the deter- 
minalion of the height to which the liquid rises in a capillary lube or by 
the drop method, in which an instrument known as the sialagmometer 
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is used to determine the number of drops obtained from a measured 
volume of the liquid that is made to drip from a tube of known 
diameter, or by direct measurement by means of an instrument known 
as the tensiometer. 

For the purpose of explaining how surface tension is evaluated, 
the capillary-tube method will be discussed briefly. This method 
of determination is based upon a measurement of the height to which 
a liquid rises in a capillary tube of known diameter. Let us assume 
that water rises to a height /i in a tube which has the radius of its 
bore represented by r. The surface tension on each linear centi¬ 
meter of surface is represented by the symbol T, which is expressed 
in terms of dynes. The dyne is a very small unit of force, which 
approximates a value of about one milligram. More accurately, 
980 dynes is equal to 1 Gm. It should perhaps be explained that 
the value 980 is based upon the acceleration due to gravity, which 
is e((uivalent to 32 ft. per sec.^, or 980 cm. per sec.^. The value for 
T will of course vary for different liquids, and for the same liquid at 
different temperatures. 

For the purpose of explanation, the film on the surface of the 
water may be regarded as a membrane stretched tightly in all direc¬ 
tions. If a slit 1 cm. long were to be cut in this membrane, a force 
of T dynes would be acting on each side of the slit, tending to pull it 
open. But the surface tension is acting around the edge of the top 
of the column contained in the capillary tube, which represents a 
distance of 27rr, and therefore the total upward force amounts to 
2TrrT dynes. It is this force which holds the column of liquid in the 
tube above the general level of the liquid. The weight of the col¬ 
umn may be computed, if d is the density of the liquid in grams per 
cubic centimeter, as rr^hd. This weight, expressed as irr^hdg dynes, 
in which g is the acceleration due to gravity, is equal to the upward 
force due to surface tension. Therefore, 

2irrT = Trr^hdg 
T = Hrhdg 
or 



This indicates that the height of the capillary column is inversely 
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proportional to the radius (and the diameter) of the tube. The 
value for T for water at 25^C. is about 72 dynes per cm.; at 100°C. 
it is about 59 dynes per cm. The approximate values for a few of 
the common solvents, expressed in terms of dynes per centimeter at 
20®C., are as follows: acetone, 24; alcohol, 22; benzene, 29; chloro¬ 
form, 27; ether, 17; glycerin, 63. 

The Tensiometer, A more convenient method for the determina¬ 
tion of surface tension is the use of an instrument especially designed 



Fig. 49. Surface tensiometer. 


for the purpose, which is known as the tensiometer. The typ<' of 
instrument shown in Fig. 49 is known as the Cenco-du Nouy pre¬ 
cision-form surface tensiometer. As can be seen from the figure, the 
instrument is essentially a delicate torsion balance, which applies a 
slowly increasing upward force to a platinum-iridium ring in contact 
with the surface of the liquid to be tested. The amount of upward 
force is indicated by a circular graduated scale, which, upon being 
calibrated, gives readings directly in terms of dynes of force. The 
instrument is provided with a long torsion wire, secured at both ends 
by torsion heads driven by worm-gear arrangements, which permit 
very accurate adjustments. The side arm supporting the platinum- 
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iridium ring is clamped in position at the middle of the torsion wire. 
It is claimed that readings made with this instrument can be repro¬ 
duced within a variation of ±0.05 dyne. 

Applications of Surface and Interfacial Tensions. In addi¬ 
tion to the surface tensiometer, a special instrument has been devel¬ 
oped that employs the same principle for the measurement of the 
interfacial tension at the zone of contact of two immiscible liquids. 
The applications of surface tension and interfacial tension data to 
industrial processes are many and varied in character. Within 
recent years the influence of these properties upon the behavior of 
liquids has become well recognized, and new methods and processes 
of manufacture and control are rapidly being developed, which are 
the outgrowth of further study and investigation in this special field 
of physical measurements. The properties of liquids with regard to 
surface tension or interfacial tension are involved in the phenomena 
of adsorption, cataphoresis, osmotic pressure, condensation, emulsi¬ 
fication, evaporation, miscibility, and solubility. Industries deal¬ 
ing with dye solutions, the clarification of liquids, the flotation proc¬ 
ess in the refinement of ores, and many other processes can attain a 
higher degree of uniformity in their products and greater efficiency 
in manufacture by proper control of the surface tension of the proc¬ 
essing liquids. It has recently been shown that a close relationship 
exists between the interfacial tension of oil-liquid systems and the 
lubricating value of oils as determined by standard lubrication 
testers. 

Wetting Agents. One of the outstanding developments of 
industrial chemistry within the past decade has been the production 
and utilization of a class of products that are commonly called ivei~ 
ling agents, emulsifying agents, detergents, suspending agents, or pene¬ 
trating agents. Although not a single class of substances but a 
constantly increasing list representing many types of organic com¬ 
pound, they are all spoken of as being surface-active. That is, they 
have the capacity of modifying the surface tension and the inter¬ 
facial tension of the liquid or liquids with which they are used, and 
it is this property that renders them useful in many manufacturing 
processes. A few of the industries that are using products of this 
nature in ever-increasing quantities include the textile, the leather 
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and tanning, paint and varnish, and insecticide and fungicide indus¬ 
tries, metallurgy, the food industry, rubber manufacture, and the 
printing-ink industry. Despite the fact that the commercial pro¬ 
duction of these items has developed since about 1929, the annual 
production in the United States even by 1941 had reached the total 
of 100,000,000 Ib.,^ and their use is increasing. 

Although a few of the substances that are now used because of 
their properties as surface-active agents have been known for a long 
time, they were not utilized for such purposes until recently. It is 
probable that the impetus for the development of compounds pos¬ 
sessing properties of surface activity was furnished by the scarcity 
of fats for soapmaking in Germany during the First World War. 
During this period a considerable amount of experimental work was 
done in the search for substitutes for soaps. However, satisfactory 
products were not obtained until later with the development of the 
sodium alkyl sulfates. The production of tlu'se was limited until 
new techniques could be developed for converting fats into fatty 
alcohols by a process that involved subjecting them to extremely 
high pressures of 10,000 to 15,000 lb. per sq. in. 

It has been estimated that at the present tiirie over a thousand 
wetting agents are being marketed in this country under various 
trade names. The chemical structure of these compounds varies 
widely, but they usually are compounds of relatively high molecular 
weight and complicated structure. One characteristic common to 
all of them is that they have the ability to alter the surface ttMision 
of liquids (or the interfacial tension of mixtures of liquids) with 
which they are mixed, a property upon which their use depends. 
Not only do they change the su^-facc tension of liquids, but they 
assist in* overcoming the lack of attraction of liquid for solid, solid 
for solid, gas for liquid, and gas for solid. Because of their versa¬ 
tility, they are found useful in almost any industry where two or 
more substances are required to be mixed. 

A few industrial applications will serve to illustrate the usefulne^ 
of these agents. In textile manufacture they are used as an aid in 
securing rapid penetration of the fabrics by the dye solution; they 
are also employed in mothproofing and in flameproofing materials. 

^ Anon. Time, The Weekly Newsmagazine No. xxxiv (1942), p. 32. 
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They are widely used in the rubber industry to assist in dispersing 
pigments and sulfur in the rubber latex before vulcanizing. They 
are employed in metallurgy, where they assist in the pickling (cleans¬ 
ing with an acid bath) of castings; in the spreading of soldering 
fluxes; in the cleaning of metallic surfaces prior to electroplating; 
and in wetting ore particles in the separation of ores by the flotation 
process. In the food industry these agents have been found useful 
in removing arsenic and other poisonous sprays from fruits and 
vegetables. They are widely used in the manufacture of paints, 
enamels, and printing inks, where they serve to improve the spread¬ 
ing (lualities of these products. They have been found to increase 
the solvent action of licjuids and solutions used in dry cleaning, and 
in laundering they have been substituted wholly or in part for soap. 

When compared with soaps, wetting agents have the advantages 
of being active in the presence of acids, in hard water, and in cold 
water. The public has become accustomed to the use of a few of 
these agents, which have been marketed under such trade names as 
Dreft or Drene. More recent investigations seem to indicate that 
these products may play a useful role in increasing the penetrating 
power of antiseptic agents, w hich may find application in preopera¬ 
tive disinfection of the skin and the cleansing of superficial wounds 
or in mouthwashes, dental preparations, nasal sprays, gargles, etc. 
There even appears to be some indication that certain of these agents 
may possess marked antiseptic properties in their own right. 

No attempt is made in this brief discussion to consider the theo¬ 
retical aspects of wetting agents or to explain how they function, 
except to indicate that, for the most part, the effects are due to their 
tendency to reduce surface and interfacial tensions. An extended 
discussion would require an understanding both of organi ^ chem¬ 
istry, in order to comprehend the chemical nature of the substances, 
and of physical chemistry, in order to follow the theoretical explana¬ 
tion of their actions. The number of these products is so great and 
their chemical properties are so diverse that few generalizations can 
be drawn. The uses and applications of individual products have 
necessarily depended principally on experimental results obtained 
in detailed studies of a particular substance. For those interested 
in securing more information concerning these agents, it is suggested 
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that some of the references cited at the end of this chapter be 
consulted. 

Although names of the compounds may have little significance except 
for those students who understand the nomenclature of organic chemistry, a 
few of the substances that have been used or reconimended for use as surface- 
active agents will be listed here. The list is incomplete and perhaps should 
not be considered even representative, since the selection has been made more 
or less at random. This field of development is so recent and is increasing so 
rapidly that the data have not yet been well organized. Among the many 
substances that have been mentioned for special uses be<‘ause of their profx^rties 
as surface-active materials are the following: butyl cyclohexonal carboxylic acid, 
cetyl sulfate, cholesterol acetate, ethylene glycol-ditolyl ether, methyl cellulose, 
monostearyl glycol, monostearyl glycerol, octyl aminoethanoldiethyllHmz>l 
ammonium chloride, polyvinyl acetat-e, resin soaps, salts of isc)i)ropyl tetra- 
hydronaphthalene carboxylic acid, sodium dicresyl phosphate, sodium ditol>l 
phosphate, sodium lauryl sulfate, sulfonated benzylamylbut>l naphthalene, 
sulfonated l)enzylbutyl naphthalene, sulfonated cyclohexyl naphthalene, siil- 
fonated products of lauryl alcohol, sulfonated products of myristyl alcohol, 
sulfonated phenylethyl naphthalene, triethanolamine, and trioxyethylarnine 
stearate. 

STUDY QUESTIONS 

1. Distinguish between specific gravity and density. 

2. State the principle of Archimedes as applied (a) to floating bodies, 
(6) to sinking bodies. 

3. What is a hydrostatic balance? 

4. Explain why no calculations are re(|uired in determining specific 
gravity by the use of the Westphal balance. 

5. Explain the difference between the constant-weight and the constant- 
volume types of hydrometer. 

6. What are the special uses for (a) the siiccharorneter, (6) the 
lactometer? 

7. Explain the principle involved in the determination of the specific 
gravity of liquids with the Fisher-Davidson apparatus. 

8. What weighings are essential to the determination of the specific 
gravity of a solid that is lighter than water and insoluble in water? 

9. What procedure should be followed in determining the specific 
gravity of a solid substance, heavier than water but soluble in water? 

10* What procedure may be used for determining the specific gravity of 
a solid substance in powdered form that is heavier than and insoluble in 
water? 
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11. What is specific volume, and what is its relationship to specific 
gravity? 

12. What are the physical characteristics of a liquid (a) of high viscosity, 
(b) of low viscosity? 

13. What is meant by relative viscosity? 

14. What is absolute viscosity? 

15. What relationship exists between absolute viscosity and kinematic 
viscosity? 

16. What is meant by optical refraction? 

17. Define index of refraction. 

18. What is molecular refraction? 

19. What difference is noted in the units in which readings are obtained 
with the Abbe and the dipping refractometers? 

20. What are the ranges of the readings that may be obtained with each 
of the instruments mentioned in the preceding question? 

21. What is plane-polarized light? 

22. Wliat is a Nicol prism, and what effect does it have on ordinary light? 

23. What characteristic of molecular structure gives rise to optical rota¬ 
tion in organic compounds? 

24. Define speidfic optical rotation. 

25. How may the known specific optical rotation for a given pure sub¬ 
stance be used to determine the strength of impure samples of the same 
substiince? 

26. What special scales of calibration are used for saccharimeters, and 
what special advantages do they offer? 

27. What are the principles upon which colorimetric determinations 
are based? 

28. Explain briefly the principles of operation of a colorimeter of the 
Duboscq type. 

29. What advantages are claimed for the electrophotometer over the 
colorimeter in making colorimetric determinations? 

30. What is meant by surface tension? 

31. Distinguish between cohesion and adhesion. 

32. What is meant by capillarity? 

33. Name three methods by which surface tension may be measured. 

34. How are the values for surface tension expressed? 

35. What relationship exists l>etween the rise of an aqueous liquid in a 
capillary tube and the diameter of the tube? 

36. Why do drops of a falling liquid tend to assume spherical form? 
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37. How should the meniscus of a liquid contained in a burette or pipette 

be read in order to avoid error in measurement? 

38. What is meant by interfaciaJ tension? 

39. What characteristic do all the so-called “wetting Barents” have in 

common? 

40. Name some of the typical uses of wetting? agents in manufacturing 

processes. 
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Chapter 9 


THEORY, GENERATION, AND CONTROL 
OF HEAT 

The early alchemists observed that heat is always associated with 
the process of combustion. Although the nature of chemical 
changes during combustion was not understood, since at this point 
in the development of chemical knowledge only four elements were 
believed to exist, viz., fire, earth, air, and water, many explanations 
of the phenomenon of heat were offered. 

The Phlogiston Theory. Although the terms element and combustion 
wore given many and >aried interpretations, the phlogiston (from the Greek 
phlogisioSy meaning burnt, inflammable) theory,* originally advanced by 
Johann Joachim Bwhor (1635-1682) and later elaborated by Georg Ernst 
Stahl (1660-1731), was the first to have a significant influence upon the develotv 
merit of chemistry. According to Becher, all inorganic substances consist of 
three “earths,” the mercurial, the vitreous, and the combustible, which he later 
called terra pinguis. He held that when substances are burned or calcined the 
combustible earth esr'apes. Stahl adopted and expanded this idea, advancing 
the theory that all substances capable of burning contain a substance which he 
called phlogiston and that this is given off during the process. It was as.sumed 
that those substanees which burn easily contain a high proportion of phlogiston 
and that the combustion is accompanied by the evolution of large amounts 
of heat, with the result that the residue is correspondingly small. Thus it 
can lie seen that the phlogiston tlu^ory was bused upon the conception of the 
property of combustibility or inflammability as a material and ponderable 
substance. 

Despite the efforts of many investigators, phlogiston was never isolated, 
although hydrogen, which was discovered by Cavendish® in 1766, was thought 
for a time to be this important substance. 

With the discovery of many of the elements, facts began to accumulate 

*E. Kreniers and G. Urdang. “History of Pharmacy,” J. B. Lippincott 
Company, Philadelpliia, 1910, p. 338. 

* “The Encyclopedia Americana,” Americana Corp., New York, 1940, Vol. 
21, p. 784. 
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that tended to oppose the phlogiston theory. It was shown that metals sub¬ 
jected to combustion gain rather than lose weight. At first phlogistonists denied 
this but later attempted to explain it by assuming that phlogiston poa.sessed 
“negative weight.” It was also pointed out that combustion does not occur 
except in the presence of air, but this was explained by saying that the air is 
required to carry away the plilogiston which is liberated. 

It was Lavoisier who finally succeeded in overthrowing the phlo¬ 
giston theory. He was able to show by careful weighings that a 
metal gains weight upon combustion and that the increase in weight 
is exactly equal to that lost from the surrounding air. Later, after 
the discovery of oxygen by Scheeie in 1772 and by Priestley in 1774, 
both of them advocates of the phlogiston theory, Lavoisier proved 
that it is this element which combines with the metal to bring about 
the increase in weight. 

The Caloric Theory. With the overthrow of the phlogiston 
theory, new ideas were advanced. According to a view that was 
widely accepted, heat was assumed to be an imponderable fluid, 
called caloric, which flows into and out of bodies, thus producing the 
effecjts of heating and cooling. It was not until the early part of the 
nineteenth century that the caloric theory was abandoned, largely 
as the result of experiments of Davy and Ilumford^ in which heat 
was created directly by mechanical energy. 

The Molecular-motion Theory. In place of the caloric the¬ 
ory, the molecular-motion theory has been accepted generall>. 
According to this theory, heat is only the manifestation of the agita¬ 
tion of the molecules of matter.^ Although the molecules are 
extremely small, each has a definite size and weight for a given sub¬ 
stance; e,g., it has been extimated that a molecule of water has a 
diameter of approximately 1/140,000,000 in. Despite the fact that 
molecules are extremely small in size, the velocity of their vibrations, 
even at ordinary temperatures, is very high. It has been estimated 
that in air, in which the molecules move about in straight lines until 
they collide with other molecules, a speed of approximately 1,470 ft. 
per sec. is attained at 0°C. The average length of the path between 
successive encounters, called the mean free path, has been calculated 

1 E. R. von Nardroff. “The Encyclopedia Americana,” Americana Corp., 
New York, 1940, Vol. 14, p. 41. 
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to be approximately 1/277,000 in. It has been estimated that the 
number of molecules in a cubic inch of air is 433 trillion and that 
each molecule experiences approximately 5 billion collisions per 
second. 

Expansion of Solids, Liquids, and Cases. The molecules of a 
substance are attracted to one another by a force caUed cohesion. 
The pressure of the atmosphere also assists in holding the molecules 
together. Heat is opposed to both these forces. The effect pro¬ 
duced upon the vibration of the molecules by the application of heat 
is to cause them to drive one another farther apart. Consequently, 
except for water, whose anomalous behavior is mentioned in Chap. 7 
and will be further discussed later in this chapter, an increase in the 
temperature of a body always results in its expansion. 

Solids. In the case of solid substances, in which the force of 
cohesion is very great, the expansion produced for a given increase of 
temperature is relatively small, especially if the test is made at a low 
temperature. At higher ternpt^ratures, at which the mutual attrac¬ 
tion of the molecules (cohesion) has been decreased because the 
intervening space has become greater, an increase in temperature 
generally produces a correspondingly greater expansion. 

In measuring and comparing the effect of heat upon the expansion 
of a body, the expression coefficient of linear expansion is used. This 


Table 12. Coefficients of Linear Expansion of Solids^ 


Substance 

Coeflicient 

Substance 

Coeflicient 

Aluminum. 

0.0000222 

Lt^ad. 

0 0000271 

Cast iron. 

0.0000106 

Platinum. 

0.0000093 

Copper. 

0.0000167 

Porcelain. 

0.0000041 

German silver. 

0.0000183 

Silver. 

0.0000192 

Glass tubing. 

0.0000083 

Steel. 

0.0000123 

Ciold. 

Invar (Guillaume*s nickel 

0.0000147 

Wrought iron. 

0.0000121 

steel). 

0.0000087 




^ThMe values were selected from a UWe given in “The Encyclopedia Americana/’ 
Americana Corp., Now York, 1940, Vol. 14, p. 42. 


term may be defined as the fraction of its length represented by the 
expansion produced when a substance is elevated in temperature 
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through 1®C. Since the length of a bar of any substance varies with 
the temperature, the length at a temperature of 0°C. is taken as the 
standard of comparison. The coefficients of linear expansion of a 
number of substances are found in Table 12. 

By referring to the appropriate values given in Table 12, it can be 
seen that a bar of aluminum exactly 1 M. long at 0°C. would measure 
1.0000222 M. at VC., or 1.00222 M. at 100°C. Similarly a bar of 
steel exactly 1 M. long at 0°C. would measure 1.0000123 M. at VC., 
or 1.00123 M. at lOO^C. 

It will be noted that the value of the coefficient for glass is very 
close to that for platinum. Advantage is taken of this fact in the 
construction of incandescent electric lamps and in the manufacture 
of scientific instruments in which it is necessary for wires to pass 
through glass to form airtight junctures. In manufacture the glass 
around the hole is softened by heat until it flows closely around the 
hot platinum wire. If the coefficient for platinum were appreciably 
higher than that for glass, the platinum would contract upon cooling 
more rapidly than the glass and the result would be a leaky joint. 

It will also be noted that the coefficient of expansion of Guil¬ 
laume’s nickel steel, known as Invar, is extremely small. This fact 
makes this alloy especially useful for the construction of clock pen¬ 
dulum rods, surveying instruments, standard measures of linear 
dimensions, and many other instruments in which a high coefficieni 
of expansion would introduce a source of error. 

Liquids. In the liquid phase of matter the molecules are so nearly 
free from the effects of cohesion that they are able to roll about one 
another and change positions within the liquid at will. As in the 
solid phase, the greatly reduced force of cohesion is aided by atmos¬ 
pheric pressure or other pressure in preventing the molecules from 
flying directly apart. Because of the fact that resistance to expan¬ 
sion is so greatly reduced, liquids show relatively higher degrees of 
expansion with elevation in temperature than do solids. 

The term coefficieni of cubical expansion is used in measuring the 
expansion of liquids. This is defined as that fraction of its volume 
by which a liquid expands when its temperature is raised through 
VC. as compared with its original volume at 0°C. The cubical 
coefiicient of a substance is three times as great as its linear coeffi- 
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cient, since the eifect of expansion is measured in terms of the three 
dimensions of a liquid. If, however, the liquid is confined in a tube 
of unchanging dimensions so that it is restrained from expanding 
except in one diret^tion, as, for example, in the case of mercury con¬ 
fined in a thermometer tube, the effect of expansion in this one 
direction would be three times as great as it would be if the liquid 
were allowed to expand proportionately in all three dimensions. 
The coefficients of cubical expansion of a few liquids are listed in 
Table 13. 

The abnormal behavior of water is noteworthy. Very careful 
measurements have shown that water attains its greatest density 
at the temperature of 4°C. rather than at the temperature of its 
freezing point of 0°C. Whenever water at 4°C. is either warmed or 
cooled it expands and becomes lighter. This fact is of considerable 
biological significance, since otherwise the water in lakes would 
freeze in winter not only at the surface but solidly from top to bot¬ 
tom, thus destroying aquatic life. It will be recalled that this 


TaBI.K l.'f CoKFFlCIKNTS OF ClTBlCAL EXPANSION OF LIQUIDS^ 


liquid 

Coellicieiit 

liquid 

Coefficient 

Alcohol. 1 

0.00112 

Olive oil. 

0.00072 

Glycerin. 

0 00050 

Petroleum. j 

0.00095 

Mercury. 

0.000182 

Water. 

0.00021 


1 Selected values from u table in “The Encyclopedia Americana,” Americana Corp., New 
York. 1940, Vol. 14, p. 42. 


anomaly in the beiiavior of water was mentioned in connection with 
the discussion of the metric system in Chap. 7. 

Transmission of Heat. Since heat is but one form of energy, 
it follows that it may be converted into other forms. According to 
the first law of thermodynamics, whenever heat energy is trans¬ 
formed into mechanical energy (or the reverse), for each unit of the 
energy that disappears there is always a perfectly definite and con¬ 
stant quantity of the new kind of energy. 

A vast number of experiments were conducted by Joule for the 
purjKise of determining the mechanical equivalent for heat, which 
he expressed as the number of units of mechanical energy that arc 
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equivalent to one unit of heat. According to the findings that 
he reported about 1840, 1 lb. of water is raised one Fahrenheit 
degree by the expienditure of 772 ft.-lb. of energy. The foot-pound 
may be defined as the amount of work done in overcoming resist¬ 
ance equal to the weight of 1 lb. of matter by raising it vertically 
through a distance of 1 ft. Later measurements made by Rowland 
in 1879, working with much better equipment, led to a revision of 
this value. It now appears that the heat required to raise the tem¬ 
perature of 1 lb. of water 1 ®F. is equivalent to 778 ft.-lb. of work. 
This is equal to the energy required to lift 1 lb. of matter 778 ft., or 
778 lb. of matter 1 ft. 

The metric equivalent of the mechanical equivalent of heat is 
expressed in terms of kilogram-meters and may be defined as the 
quantity of energy required to heat 1 Kg. of water 1 °('. It should 
be noted that this value is not identical with the mechanical equiva¬ 
lent of heat expressed in foot-pounds, since the definition of the 
former value is based upon the kilogram instead of the pound and 
upon one centigrade degree instead of one Fahrenheit degree. 
Furthermore, the quantity of energy is expressed in kilogram-meters 
instead of foot-pounds, this unit being the energy required to over¬ 
come the resistance offered by elevating 1 Kg. of matter 1 M. The 
metric mechanical equivalent of heat may be derived from the quan¬ 
tity expressed in foot-pounds by the following calculations: 

778 X 1.8 X 2.2189 X 0.3048 = 947.1 

In this equation the value 1.8 (or ^ 5 ) is the correction for the 
difference in the two thermometer scales, 2.2189 represents the num¬ 
ber of avoirdupois pounds equivalent to 1 Kg., and 0.3048 is the 
factor for converting feet to meters. It should be observed that 
the calculation indicated increases the quantity of energy to corre¬ 
spond to the greater weight of water to be heated and the greater 
value of the centigrade degree, but the result is in terms of pound- 
meters. It is therefore necessary to convert this to kilogram-meters 
by the calculation 

= 426.84 Kg.-M. 

This indicates that the mechanical energy equivalent to the quantity 
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of heat required to raise the temperature of 1 Kg. of water 1*^0. is 
equal to the mechanical energy sufficient to raise 1 Kg. of matter 
427 M. or 427 Kg. 1 M. 

The second law of thermodynamics was proposed by Clausius and 
in its simplest form implies that heat tends to pass from a hotter 
body to a colder one and not vice versa. As a corollary to this law, 
it follows that more heat cannot be transmitted from the hotter 
body than that required to establish an equal temperature between 
the two bodies. In accordance with the law of Clausius, it follows 
that whenever two bodies of different temperatures are brought in 
contact or proximity with each other, heat is transferred from the 
body with the higher temperature until a thermal equilibrium is 
attained. This transfer is made by conduction, convection, or radia¬ 
tion, or by some combination of these methods. 

Conduction. The transmission of heat by direct contact of two 
bodies of different temperature levels or in one body whose parts are 
at different temperatures is known as conduction. The flow of heat 
through an iron rod is an example of heat transmission by conduc¬ 
tion. Substances show a wide variation in their capacities to con¬ 
duct heat. Metals are, as a rule, good conductors. Wood, air, and 
liquids are relatively poor conductors. 

Convection. The transmission of heat by the circulation of a 
liquid or a gas is known as convection. It is this principle which is 
employed in most systems for the heating and ventilation of build¬ 
ings. Any gas or liquid expands when heated, thus increasing in 
volume and decreasing in density. The lighter fluid is pushed 
upward by the heavier surrounding fluid, setting up a circulation of 
convection currents. It should be noted that convection differs 
from conduction in that the heat transfer is effected by the move¬ 
ment of particles of matter, whereas in conduction the transfer is 
made by molecules adjacent to each other, no change in the relative 
positions of the molecules being involved. 

Radiation. Radiation is the transfer through space of energy 
that, when absorbed by matter, appears as heat. The sun is the 
chief source of radiant energy. Some substances, such as air and 
glass, permit the sun’s heat rays to pass through them almost imdi- 
minished by absorption. Thus they are not warmed appreciably 
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by the sun’s rays. Such substances are spoken of as being trans¬ 
parent to heat. Other objects, such as water, metals, etc., do not 
permit the heat rays to pass through them, and they are warmed by 
any heat rays that fall upon them. Such substances are said to be 
opaque to heat. It is believed that heat rays, like light rays, travel 
in straight tines. They may be reflected with mirrors or brought 
to a focus by means of a lens or burning glass. 



Fig. 50. Diagram of convection currents. {From N. //. Blacky '"An Inlro- 
ductory Course in College Physics y'^ The Macmillan Company y New Yorky 
1935.) 

Evaluation of Heat. The measurement of heat may be of two 
kinds, qualitative and quantitative. The qualitative measurement 
deals with the intensity of heat and is usually recorded in terms of 
degrees of some thermometer scale. On the other hand, the tem¬ 
perature or intensity is no indication of the total amount of energy 
or quantity of heat represented. Since heat is not a substance but a 
form of energy, it can be evaluated only by measuring the effects 
that it will produce. Special units, known as the calorie (for the 
metric system) and the British thermal unit (for the English system) 
(page 265), have been established for this purpose. The intensity 
of heat, expressed in degrees, is somewhat analogous to the pressure 
at which water is delivered at the tap, while the quantity of heat, in 
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calories or British thermal units, may be compared to the number 
of gallons of water consumed as shown by the water meter. 

Thermometers. The instrument most commonly used for 
determining the intensity of heat, for ordinary ranges of tempera¬ 
ture, is the thermometer. Although there are several types of scale, 
such as the Fahrenheit, centigrade, Reaumur, and absolute, all forms 
of thermometer depend upon the fact that most liquids, such as 
mercury and alcohol, expand when heated and contract upon cool¬ 
ing. Since mercury freezes at —39*^0., the thermometer used for 
very low temperatures is usually filled with alcohol, which is com¬ 
monly colored with a suitable dye. On the other hand, alcohol Is 
unsuitable for use in the higher temperature ranges because of its 
relatively low boiling point (78°C.), and mercury (which boils at 
approximately 357°C.) is used for this purpose. Regardless of the 
liquid used in the thermometer, the construction is essentially the 
same for both types. Fundamentally the thermometer consists of 
a capillary tube, from which the air has been exhausted and which 
has a reservoir, or bulb, for reserve liquid. The stem of the instru¬ 
ment is provided with graduations, either etched directly on the 
glass or placed on a glass, paper, metallic, or wooden scale attached 
to the tliermometer tube. 

For temperatures above the limits of the mercury thermometer 
the air thermometer is used. This instrument measures the change 
in pressure of a kno>\n volume of air with elevation in temperature. 
For still higher ranges the variation in the electrical resistance of a 
conductor is measured or the electromotive force of a thermoelectric 
couple, one of whose junctions is maintained at constant tempera¬ 
ture while the other is exposed to the temperature to be measured. 

The Fahrenheit Scale, Among English-speaking people the ther¬ 
mometer devised by Fahrenheit in 1714 is still in common use in 
reporting weather data and in the control of temperature for many 
technical and industrial processes, but in scientific work it has been 
replaced by the centigrade thermometer. Originally the Fahren¬ 
heit scale was based upon two reference points, (1) the temperature 
reached with a mixture of ice and an excess of salt and (2) the tem¬ 
perature of the human body.^ Fahrenheit, supposing that the low 

* “The Encyclopedia Americana,” 1940, Vol. 10, p. 711. 



254 PRINCIPLES AND PROCESSES OF PHARMACY 


temperature reached with the ice and salt mixture was tlie lowest 
that could be reached, assigned the zero-degree reading to this point. 

Somewhat earlier, Newton had suggested that the range between 
the temperature of ice and that of the human body should be con¬ 
sidered as 12®. He was probably influenced in his choice by the 
fact that the dozen was at that time a commonly used numerical 
unit. Fahrenheit accordingly multiplied this number of divisions 
by 8, thus assigning to the upper reference point the value of 96®. 
His choice of the lower reference point, obtained with the salt and 
ice mixture, was probably due to his belief that the freezing point of 
water was not a constant value; he was led into this false assumption 
by the fact that it is possible under certain conditions to supercool 
water below its freezing point. By subdividing the space between 
the reference points into 96 equal divisions and extending the scale 
upward and downward in proportion, the values for the Fahrenheit 
scale were established. When tested with the Fahrenheit thermom¬ 
eter, the freezing point of water is found to be 32® and its boiling 
point 212®. Therefore the range in temperature between these two 
points covers 180 scale divisions. 

The Centigrade Scale, Shortly after the introduction of the Fahr¬ 
enheit thermometer it was recognized that the freezing point and 
the boiling point of water afford more accurate and useful pri¬ 
mary standards than the reference points selected by Fahrenheit. 
Accordingly Celsius, in 1740, proposed the centigrade scale in which 
these two constants served as the lower and upper limits and were 
assigned the values of 0 and 100® respectively. As previously men¬ 
tioned, this scale is used in connection with all scientific work and is 
the official thermometer scale adopted by the Pharmacopoeia. 

The Reaumur Scale, For certain types of industrial process, notably in 
brewing, still a third type of thermometer scale, devised by Reaumur in 1730, 
has been used to a limited extent in northeastern Europe. As in the centigrade 
scale, the reference points are the freezing point and the boiling point of water. 
Although the freezing point is assigned the same value as in the centigrade 
scale (0®), the boiling point is shown as 80® instead of 100®. The Reaumur 
scale is not used in this country and is, therefore, of minor importance to our 
discussion. Since it occasionally becomes necessary, however, to make con¬ 
versions from this system to the Fahrenheit or centigrade scale, the relation- 
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ships among the various degrees should be understood. These are easily 
derived by noting the number of scale divisions between the freezing point and 
boiling point of water on the three instruments, viz,, 180, 100 , and 80, respec¬ 
tively, for the Fahrenheit, centigrade, and Reaumur scales. Accordingly one 
Reaumur degree is equivalent to ^ of a centigrade or % of a Fahrenheit degree. 
Conversely, a centigrade degree is equivalent to % of a Reaumur degree, and a 
Fahrenheit degree is equivalent to of a Reaumur degree. To complete the 


relationsliips, it should also be noted 
that the Fahrenheit degree is equiva¬ 
lent to of a centigrade degree and 
one centigrade degree is equiv alent to 
•♦5 of a Fahrenheit degree. 

Conversion of Thermometer Headings, 
It is quite unnecessary to memorize 
rules for making a conversion from one 
thermometer scale to another, since 
the relationship may readily be rea¬ 
soned out if the values for the reference 
points, the freezing point and the boil¬ 
ing j)oint of water, are known. The 
chief source of confusion in making 
such conversions lies in the fact that 
the freezing f>oiiit of water on the 
Fahrenheit scale is 32®. Since this is 
the reference j)oint equivalent to 0 ® on 
either of the other scales, for readings 
above 32 only the number of scale 
divisions in excess of 32 are to be mul¬ 
tiplied by the appropriate factor. On 
the other hand, if the readings are be¬ 
low 32®F., the number of scale divi¬ 
sions between the observed reading 
and 32® are to be converted. If the 
readings are below 0 on the Fahren¬ 
heit scale, the 32 scale divisions be¬ 
tween 32 and 0 must be added to the 



Fahrenheit Centigrade Reaumur 

Fig. 51, Comparison of the Fahren¬ 
heit, centigrade, and Reaun‘ur ther¬ 
mometer scales. 


observed reading before the conver¬ 
sion is made. Conversely, suitable adjustment must be made to all conversions 
made from the other thermometer scales to the Fahrenheit scale by adding or 


subtracting the 32 scale divisions, as may be required, in order to adjust the con¬ 
verted reading to the proper position on the Fahrenheit scale. 

The application of the fundamental relationships used in making ther¬ 
mometric conversions is illustrated in the following examples: 



256 PRINCIPLES AND PROCESSES OF PHARMACY 


1. Centigrade to Fahrenheit. 

а. Convert 80®C. to the corresponding reading on the Fahrenheit scale. 

80 X « 114 -f- 32 = 176°F. 

б . Convert —50®C. to the equivalent reading on the Fahrenheit scale. 

50 X = 99 
90 - 32 = 58 

Hence the reading is — 58°F. 

2. Fahrenheit to Centigrade. 

а. Convert OS^F*. to the centigrade reading. 

95 - 32 - 63 X = 35°C. 

б . Convert -“49°F'. to the centigrade reading. 

19 4- 32 = 81 X * 45 
Hence the reading is — 45°C. 

3. Reaumur to Fahrenheit. 

а. Convert 60®R, to the Fahrenheit reading. 

60 XH X 135 + 32 = lOT'^F. 

б . Convert — 36°R. to the Fahrenheit rending. 

36 X ?4 = 81 — 32 = 49 below the freezing point of water. 

Hence the reading is — 49°F. 

1. Fahrenheit to Reaumur. 

а. Convert 113°F. to the corresponding reading on the Reaumur w'ale. 

113 - 32 ^ SI X H ^ 36"R. 

h. Convert 14®F. to the equivalent reading on the Reaumur scale. 

32 - 14 - 18 X - 8 
Hence the reading is — 8®R. 

5. Centigrade to Reaumur. 

Convert 65®C. to the corresponding Reaiinnur reading. 

65 XH ^ 52"R. 

б. Reaumur to Centigrade. 

Convert 40®R. to the equivalent centigrade reading. 

40 X ^ - 50‘^C. 

The Absolute Scale. In addition to the three thermometer scales 
already mentioned, a fourth scale known as the Kelvin or absolute* 
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scale is used in scientific work. This scale was derived by observing 
the behavior of gases upon cooling. Most gases at atmospheric 
pressure undergo a decrease in volume corresponding to ^^^73 of 
their volume at 0 ®C. for every degree centigrade of decrease in tem¬ 
perature. If this shrinkage in volume were to continue uniformly 
at this rate, we could predict that the volume of a gas would become 
zero at a temperature of — 275®C. Actually this does not occur, 
since no gas has been found that does not liquefy long before this 
low temperature is reached, and at this point it ceases to follow the 
rule for the behavior of gases. The temperature of — 273°C. is 
designated as absolute zero. It is this behavior of gases which serves 
as the basis for Charles’s law, which may be stated as follows: “At 
constant pressure, tlie volume of a gas varies directly as the absolute 
temperature.” Since the temperature interval on the absolute 
scale is identical with that of the centigrade scale, degrees absolute 
may be calculated by the simple equation 

°abs = °C. + 273^ 

Pharmacopoeial Requirements for Thermometers. The 

general and specific requirements for thermometers that are to be 
used in conducting official tests are the subject of a special mono¬ 
graph’ in the Pharmacopoeia and are given herewith. 

Thermometers for Pharmacopoeial Testing. These ther¬ 
mometers conform to the specifications of the American Society for 
Testing Materials. These specifications are given on page 259. 


T\BLE 1t 


Tyjx? 

PurjK)sc 

A.S.T.M. 
desi^ "lation 

I 

(ieneral 

El (lC-39) 

II 

Cieneral 

El (2C-39) 

III 

Petrolatum and other Type III melting points 

El (14C-39) 

IV 

Determining kinematic \isoosity 

El (18C-39) 

V 

Determining the titer of fatty acids 

El (36C-42) 

VI 

Boiling or distilling temperatures 

El (7C-39) 

VII 

Boiling or distilling temperatures 

1 El (8C-4.2) 


U.S.P. XIII, pp. 701-702. 
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Table 15. Thermometebs for 


Thermometer type 

I 

II 

Liquid 

Mercury 

Mercury 

Filling above liquid 

Nitrogen 

Nitrogen 

Temperature range 

-20-4-150° 

-5-4-300° 

Subdivisions 

1 ° 

1 ° 

Total length 

303-307 mm 

379-383 mm. 

Stem diameter 

6 0-7 0 mm 

6 0-7 0 mm 

Bulb diameter 

5 0-6 0 mm 

5 0-6 0 mm. 

Bulb length 

19-25 mm 

10-15 mm 

Bottom of bulb to graduation line at distance 

-18° 

0 ° 


90-100 mm 

100-110 mm 

Top of thermometer to graduation line at 

150° 

300° 

distance 

20-35 mm 

25-50 mm 

Longer graduation lines at each 

5° 

5° 

Graduations numbered at each multiple of 

10 ° 

10 ° 

Immersion 

76 mm 

76 mm 

Scale error at any point, )^hen standardized, 
shall not exceed 

0 5° 

1 ° 

Standardization 

s 

t 


* The thermometer shall be standardized for 76 mm or 3-in immersion and for the following 
temperatures of the emergent mercury column These stem temperatures have been chosen as 
those likely to occur in the use of the thermometer 


Thermometer Reading Average Temperature of Emergent Mercury (^olumn 
50® 35® 

100® 48® 

150® 55® 


t The thermometer shall be standardized for 76-mm or 3-in immersion and for the following 
temperatures of the emergent mercury column These stem temperatures have been chosen as 
those likely to occur in the use of the thermometer 


Thermometer Reading 
50® 

100 ® 

150® 

200 ® 

250® 

300® 


Average Temperature of Emergent Mercury Column 
35® 

49® 

61 ® 

70® 

76® 

80® 
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Pharmacopoeia!, Testing 


111 

IV 

V 

VI 

VII 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

38-82° 

34-12° 

-2-+68° 

0-300° 

0-400°t 

0.1° 

01° 

0 .2° 

1 ° 

1 ° 

365—371 mm. 

252-256 mm. 

385—390 mm. 

378-384 mm. 

378-384 mm. 

6 .0-7.0 mm. 

6 .0-7.0 mm. 

6 .0—7.0 mm. 

6 .0—7.0 mm. 

6 0-7.0 mm. 

Not greater 
than stem 

5.0 inrn. to 
diam. of 
stem 

5.5—7.0 mm. 

5.0-6.0 mm. 

3.0-6 0 mill. 

Not over 28 

mm. 

25-55 mm. 

1.5-25 mm. 

10-15 mm. 

10—15 mm. 

38° 

34° 

— 2° 

0 ° 

0 ° 

105-115 mm. 

13.5-150 mm. 

.50—60 mm. 

100-110 mm. 

2.5-15 inrn. 

82° 

42° 

68 ° 

300° 

100 ° 

25-40 mui. 1 

20-35 mm. 

20-35 mm. 

30-45 mm. 

30-15 mm. 

0 5° 

0.5° 

1° 

5° 

5° 


1° 

2 ° 

5° 

5° 

79 mm. 

Total 

45 mm. 

Total 

Total 

0 .1° 

0.1° 

0 .2° 

0.5° 

1 ° 

Every 10°, and 

"Fotal immer¬ 

Ice point and 

Ice point, every 

Ice point, every 

for average 
temp. 25° of 
emergency 

stem 

sion 

at 20° inter¬ 
vals, and for 
average 
temp. 25° of 
emergent 
stem 

50° and at 
300° 

5 0° and at 
370° 


J!Jnd«r certain test conditions, the temperaUnre of bulb of the thermometer may be 28® above 
the temperature indicated by the thermometer, and at an indicated temperature of 371° the 
temperature of the bulb is approaching a critical range in the glass. It is not desirable to use 
this thermometer under such conditions at indicated temperature above 371° without chcH^kiug 
the ioe point. 

The stem of each thermometer shall be made of suitable thermometer 
tubing and shall have a plain front and an enameled back. All graduation 
lines, figures, and letters shall be clear-cut on the glass stem and shall be 
uniformly well filled with insoluble colored pigment. 

The bulb of each thennometer shall be made of Corning normal or equally 
suitable thermometric tubing. 

The thermometers shall be so thoroughly annealed that there will be no 
appreciable change in their indications after long-continued exposure to 
the highest temperature on the scale. 

The thermometer shall be standardized immersed in the testing bath to 
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the top of the mercury column (total immersion) unless other conditions 
of immersion are prescribed in the table. 

For further details regarding the standardization of these thermometers, 
reference should be made to A.S.T.M. Standards, Part III, American 
Society for Testing Materials. 

The Care and Handling of Thermometers.^ In the handling of ther¬ 
mometers it is often found nei-essary to manipulate the mercury witliin the 
capillary, in order to reunite with the main column a part of the mercury that 
has bet'ome separated, to remove gas bubbles from the mercury in the bulb or 
stem, or to separaU? a mercury thread for use in calibrating. I'here are four 
operations usually resorted to in manipulating the mercury, viz., (1) warming, 
(2) cooling, (3) tapping on the end, and (I) tapping on the side of the 
thermometer. 

Warming the bulb of a thermometer may be done in water or oil or in air 
high above a gas or alcohol flame, but great care must he taken, esp<K'ially 
with high-temperature thermometers, not to heat the bulb to a tem|.)erature 
higher than the thermometer is intended to measure. The upper end of a 
thermometer stem may be warmed over a hunsen burner if this is done very 
gradually. When the thermometer is warmed over a flame, it should be 
rotated about its axis. 

Cooling may be accomplished in cold water, ice, a freezing mixture, or 
carbon dioxide snow, but such cooling sliould not be attempted while the 
thermometer bulb is still hot to tlie touch. 

Tapping or striking a thermometer on the end must be done carefully at all 
times, and much more so when tlie bulb is only partially filled with mercury 
and the thermometer is inverted. This tapping may be soft, as when the 
thermometer is held vertically and the hand (not the thermometer) is struck 
on the table, or it may be sharp, as when the thermometer is held vertically 
and struck downward on a pad of paper. 

Tapping on the side of a thermometer may be done softly with the hand 
or sharply with a pencil. Either must be done with care, as there is danger 
of breaking the stem. Different thermometers require different treatment, 
but the following procedure may serve as a guide in the manipulation of ther¬ 
mometers not filled with gas under pressure. 

To remove mercury from the upper bulb when it is partially full, hold the 
thermometer vertically, bulb down. Tap softly on the side near the top 
dnd softly on the end, to bring the mercury to the lower part of the upper 
reservoir. Then try tapping both softly and sharply on the end, and if this 
fails to bring the mercury down the stem, warm the bulb until the mercury 

^ E. F. Cook and Charles H. LaWall. “Remington’s Practice of Pharmacy,” 
J. B. Lippincott Company, Philadelphia, 8th ed., 1936, p. 102. Extract from 
NaL Bur. Standards (U.S.), Circ. 8, 3d ed. (August, 1921). 
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rises and unites with that in the reservoir. Cool very slowly and probably 
the mercury will all come down. If not, try again, cooling more slowly. 

To remove mercury from the upper reservoir when this is completely full 
or when the mercury persistently stays at the top reservoir, warm the upper 
end carefully over a bunsen flame, beginning at the extreme tip. The mercury 
will be driven down the capillary by its own va|:)or pressure. If small mercury 
globules are left, warm a little more and they will condense farther down. Wait 
until the upj)er end cools to a temj>erature comfortable to the hand. Warm 
1?ie lower bulb until the mercury risers and collects the small globules. 

To find whether there is any residual gas in the thermometer bulb, warm 
the bulb until at least a few centimeters of mercury appear in the capillary; 
if mt^rcury is already there, do not warm. Invert the thermometer and see 
whether the merc\iry runs down. If not, there is probably no gas in the bulb. 
If the mercury runs down, let it run a few centimeters and look for a bubble in 
the bulb. Right the thermometer and see whether this babble entirely dis¬ 
appears when the mercury returns in the bulb. If this bubble disappears, no 
significant amount of gas is present. 

To removt^ gas when found, invert the thermometer and run some mercury 
into the capillary. Right the thermometer and tap sharply on the side and on 
the end to bring the gas to the top of the bulb before the na^rcury all returns. 
Cool the bulb as much as possible, tapping sharply on the end when cold. 
Invert the thermometer and tap very softly on the end to bring down the 
mercury that is still separated by the air bubbles from that in the bulb. WTien 
this has come down, either tap sharply or warm to bring down the mercury from 
the bulb, but do not let the separated thread get into the upper bulb until the 
main mercury column is ready to join it. Get the two separated parts to join 
in any convenient enlargement or in the upper reservoir. Right the thermom¬ 
eter or hold it at an angle, with the top higher, and let the mercury run slowly 
into the bulb, watching carefully the point where the bubble is left to be sure 
that the column does not separate. If the bubble begins to enlarge, run the 
mercury more slowly. 

Bubbles can often be removed, even from high-temperature thermometers, 
which are filled under pressure, provided there is an enlargement in the stem 
(e.f/., Ixjtween the 0 and .300°C. mark). If there is no such enlargement the gas 
can sometimes be removed by long, continued sharp tapping on tin end, or 
srimetimt^s by freezing the mercury by means of CO 2 snow, then warming the 
bulb (from the bottom) rapidly against the hand. Mercury will not break the 
bulb on freezing, as it does not expand. 

Types of Thermometer. Many forms of thermometer have 
been designed for special uses. The modifications introduced have, 
in some cases, been made with the object of increasing the degree of 
accuracy of the instrument. In other cases the purpose has been to 
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adapt a given thermometer to a special use. A few of the more 
important types of specialized thermometer are described briefly 
in the following sections. 

The Anschutz Thermometer, One of the objections to the use of 
the ordinary type of thermometer in the determination of melting 
and boiling points is the error introduced by the 
effect of the heat transmitted by conduction and 
radiation to the thermometer stem. In order to 
overcome this difficulty in melting-point determina¬ 
tions, it is usually necessary to attach an auxiliary 
thermometer, at a pf)int halfway between the sur¬ 
face of the bath and the level of the supposed melt¬ 
ing point of the substance, to the main thermometer 
and calculate the emergent stem correction by ap¬ 
plying to the reading of the auxiliary thermometer a 
formula that is obtained at the time of the end of 
melting of the sample being tested. The necessity 
for this correction is clear when it is remembered 
that the transmitted heat causes the glass tube of 
the thermometer to expand, thus distorting it and 
destroying the accuracy of the thermometer scale. 

In order to eliminate the necessity for making 
emergent stem corrections in melting-point and boil¬ 
ing-point determinations, the Anschutz type of ther¬ 
mometer has been developed. This consists 
essentially of a small capillary tube containing a 
column of mercury, attached to a graduated milk- 
Fio. 52. An- glass scale, the whole being sealed in a larger tube 
8chtitz ther- from which the air has been partly exhausted, 
raoraeter. insulating effect of the partial vacuum that sur¬ 

rounds the thermometer tube is comparable to the effect obtained in 
the vacuum bottle, which employs the same principle. 

Thermometers of this type covering the ordinary ranges of tem¬ 
perature are available in a single instrument or in a series of seven 
instruments of overlapping ranges, covering the total range for the 
series of —10 to 360®C., graduated into divisions. 

Differential Thermometers. In calorimetry, molecular-weight 
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determinations by the boiling-point method, and 
determination of the cryoscopic point in the adjust¬ 
ment of tonicity (osmotic pressure) of solutions in¬ 
tended for parenteral use, it is necessary for very 
small changes in temperature to be measured ac¬ 
curately. The ordinary thermometer is useless for 
such purposes. As implied by its name, the differ¬ 
ential thermometer, of which the Beckmann instru¬ 
ment is the most common example, is especially 
designed for accurate measurements of very slight 
changes in temperature. The instrument consists 
of a capillary tube extending from the mercury bulb 
to an auxiliary scale and provided with a milk-glass 
scale, which covers a range from 5 to 6°C., subdi¬ 
vided into Koo° divisions. The auxiliary scale 
covers the range from —10 to 140®C., graduated 
in 2° divisions. The instrument can be set for any 
temperature within its limits by suitable manipula¬ 
tion of the columns of mercury. 

Clinical Thermometers, One of the most impor¬ 
tant special forms of thermometers is the clinical 
thermometer, commonly called a ferer thermometer 
by the layman, which is used in determining the 
temperature of the body. Under normal conditions 
of health the temperature of the human body, when 
measured by inserting the bulb of the thermometer 
beneath the tongue, is 98.6'^F. (37®C.). If the 
rectal temperature is taken, this is usually found to 
be about 1®F. higher. Temperature readings taken 
by inserting the thermometer in the axilla or in the 
groin usually are 0.5°F. lower than the temperature 
taken by mouth. 

Clinical thermometers are usually triangular in 
cross section, the thickened wall of the thermometer 
stem serving to magnify the extremely fine column 
of mercury that is used in the instrument. This 
greatly facilitates the reading. 



Fig. 53. Beck¬ 
mann differen¬ 
tial thermom¬ 
eter. 
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All clinical thermometers are of the self-registering type, i,e,, the 

capillary tube is provided with a slight 
constriction near the bulb of the ther¬ 
mometer, which causes the column of 
mercury to remain fixed in the posi¬ 
tion represented by the highest temper¬ 
ature attained until it is shaken down. 
This operation is one that calls for some 
skill, and careless handling during this 
process often leads to breakage. One 
manufacturer of clinical thermometers 
has made avaikible a device that is de¬ 
pendent upon centrifugal force for re- 
Fig. 54. Clinical thernmrn- y^riiig the level of the mercury column 

and which is quite eflicient in operation 

and in preventing breakage. 

Clinical thermometers are usually listed as 1-inin., 2-min., or 
3-min. thermometers, the terms indicating the 
length of time required for adjustment of the 
column of mercury to the proper level for an ac¬ 
curate reading. Unless sufficient time is 
allowed for this adjustment to take place, ac¬ 
cording to the type of thermometer being used, 
the observed readings may be too low. 

The Maximum and Minimum Registering 
Thermometer, Figure 55 shows the maximum 
and minimum registering thermometer of the 
Sixe type. This instrument is intended for us(‘ 
in recording the daily maximum and minimum 
temperatures. It is graduated in the Fahren¬ 
heit system exclusively. It consists of a U 
tube, the high temperature being indicated at Fia.55. Maximum 
the top of one leg and the low temperature at and minimum reg- 
the top of the other. Small metal floats rise istering thermom^ 
with the column of mercury and remain fixed at 
the highest position attained by the column during the interval 
between settings of the instrument. These floats are reset by means 
of a small magnet, supplied with the instrument. 
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The U.S. Weather Bureau pattern thermometers are intended for 
the same purpose but are of different design and principle of opera¬ 
tion. Separate instruments are provided, one for registering the 
minimum temperature and another for registering the maximum 
temperature. Automatic registration is accomplished by the use 
of a constriction in the capillary tube, applying the same principle 
as that used in the clinical thermometer. 

Quantitative Units for Measuring Heat. As indicated ear¬ 
lier in this chapter, tlie units employed for determining the quantity 
of heat represented by a given quantity of fuel are known as the 
calorie and the British thermal unit. When the term calorie is used 
without qualification it is usually understood to mean the gram- 
calorie, which is defined as the quantity of heat required to raise the 
temperature of 1 Gin. of water 1®C. For measurement of larger 
quantities the kilogram-calorie, sometimes called the large calorie, is 
employed. This is defined as the quantity of heat required to raise 
the temperature of 1 Kg. of water 1°C. This system of evaluating 
the quantity of heat is used exclusively in all types of scientific work. 
In Great Britain, and to a considerable extent in this country, the 
British thermal unit is used, especially in reporting the heating value 
of fuels. The British thermal unit, abbreviated B.t.u., is defined as 
that quantity of heat which is required to raise the temperature of 
1 lb. (av.) of water from 60 to 61 °F., the tests being made at sea 
level. Since 1 lb. is equivalent to 454 Gm. and one scale division on 
the Fahrenheit scale is equal to of a division on the centigrade 
scale, 1 B.t.u. is equal to 454 X ^9, or 252 cal. Conversely, divi¬ 
sion will show that 1 Kg.-cal. (or large calorie) is equivalent to 3.97 
B.t.u. 

Calorimeters. The instrument used for determining the capac¬ 
ity of a substance to produce heat is called a calorimeter. The 
heating value is determined experimentally by burning a sample of 
the material and determining the amount of heat that is absorbed 
in a knov/n quantity of water placed in a jacket surrounding the 
combustion chamber. In actual practice the determination is usu¬ 
ally made by one of the following three methods: (1) the oxygen- 
bomb method, for solids and liquids; (2) the sodium peroxide method, 
for solids and liquids; (3) the gas combustion method, for vapors and 
gases. 
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Oxygen-bomb Method, In this method a weighed quantity of the 
solid material to be examined is compressed into a tablet. In the 
case of a liquid, this is absorbed by some substance such as naptha- 
lene, benzoic acid, or soft coal and then compressed. The liquid 
may also be tested directly by confining it in a thin-walled glass 



Fig. 56. Oxygen-bomb calorimeter. 


balloon. The sample is then ignited in an atmosphere of oxygen 
under pressure by means of an electrically heated wire. The heat 
evolved during combustion is absorbed by a quantity of water of 
known weight contained in the jacket surrounding the combustion 
chamber. The jacket is carefully insulated to prevent loss of heat 
through radiation. 

Sodium Peroxide Method, In this method the oxygen required 
for the combustion is derived from sodium peroxide, mixed with the 
sample to be tested. Sometimes an accelerator, such as potassium 
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chlorate, benzoic acid, or naphthalene, is added to the charge to 
facilitate ignition. This method, although probably not quite so 
accurate as the oxygen-bomb method, has the advantage of permit¬ 
ting the combustion to take place at a relatively low pressure and in 
addition eliminates the need for a supply of gaseous oxygen under 
pressure. 



Gas Combuslion Method. In this method the vapor or the gas to 
be tested is passed at a measured rate of flow through a burner, the 
resulting heat being absorbed by water flowing at a measured speed 
through a jacket surrounding the combustion chamber. By noting 
the inlet and outlet temperatures of the water, the quantity of gas 
consumed, and the quantity of water used to absorb the heat, it is 
possible to calculate the heating capacity of the gas. 







268 PRINCIPLES AND PROCESSES OF PHARMACY 


Specific Heat. Different substances show a wide variation in 
their capacity to absorb heat. If, for example, equal weights of 
mercury and of water, at equal temperatures, are placed over flames 
of gas burners of equal size, it will be found that the water will 
require nearly 30 min. to reach the same temperature as that reached 
by the mercury in 1 min. Water is therefore said to have a greater 
capacity for heat than has mercury. In order to express the idea of 
relative heat capacities, the term specific heat is employed. This 
may be defined as the ratio of the quantity of heat that must be 
added to a given mass of a substance in order to raise its tempera¬ 
ture 1° as compared with tlie quantity of heat that is required to 
raise the temperature of an equal mass of water through 1°. The 
measurement of these values is usually made under given conditions 
of volume and pressure. Since specific heat is a ratio of the number 
of heat units required in each case, it makes no dilTerence w hether 
the actual amount of heat is measured in terms of gram-calories, 
kilogram-calories, or British thermal units, so long as the heat is 
measured with reference to equal weights or masses of the substances 
being tested. Furthermore, since specific heat is a ratio, it makes 
no difference whether the elevation in temperature is measured in 
degrees centigrade, Fahrenheit, or Reaumur, provided that the 
same kind of degree is employed in making both tests. The specific 
heat of a few solids and liquids is given in Table 16. 


Tablk 16. Specific Hkat of Somk Liquids amj Soi.ids* 


Substance 

Sfiecific 

heat 

Substance 

Sf>eci{it‘ 

heal 

Alurainuin. 

0.2111 

Mercury. 

0.0332 

Alcohol. 

0,5180 

Nickel. 

0.1078 

Copper. 

0.0923 

Platinum. 

0 0316 

Ether. 

0.5290 

Tin. 

0.0545 

Gold. 

0.0316 

Water. 

1.0000 

Glycerin. 

0.0316 

Zinc. 

0.0927 


1 Sheeted from a table appearing in **The Encyclopedia Americana,** 1940, Vol. 14, p. 45. 


Water is remarkable in that it has the greatest specific heat of all 
ordinary substances. It can be seen from the value in Table 16 that 
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it would take approximately eleven times as much heat energy to 
raise the temperature of 1 lb. of water 1° as would be required for 
1 lb. of copper. \ ast bodies of water such as the oceans and large 
lakes play an important role in moderating the extremes of tempera¬ 
ture because of the enormous heat capacity of water. During the 
summer months great quantities of heat are absorbed, which are 
given off slowly during the winter. This fact helps to explain why 
the temperature on some of the smaller islands of the ocean does not 
vary more than 1()°F. during the entire year. 

THE GENER\TION OF HEAT 

Heat, light, eleclricit>, and motion are only different forms of 
energy that affect moleciih^s of matter. Each of these forms of 
energy is capable of transformation, within certain limitations, into 
any other form, and the change that is produced is reversible. It 
should not be assumed that these conversions are quantitative in 
nature in all cases, for in certain instances the transfer of energy is 
made with varying degrees of efficiency; but the interchangeability 
of these four forms of energy may be easily demonstrated. In the 
generation of heat we are concerned primarily with the conversion 
of light, electricity, or motion into heat energy. The principal ways 
in which heat may be generated involve mechanical, electrical, or 
chemical processes. 

Friction. The fact that friction, a form of mechanical energy, 
generates heat is common knowledge. The method of primitive 
peopk^s for kindling fire by rubbing two sticks together and the use 
of flint and steel for the same purpose are examples of the production 
of heat by friction. The fact that friction generates heat is more 
often a disadvantage than an advantage, particularly in this mv>dern. 
mechanized world in which we live. Constant attention must be 
given to the problem of overcoming this effect by lubrication of the 
moving parts of machinery. Although friction is recognized as a 
source of heat, almost no application of this method of heat genera¬ 
tion has been made available for practical use. 

Light. Although light energy is of no practical importance as a 
source of heat, it is a well-known fact that its production is always 
accompanied by the elaboration of some heat. Here aghin, this is 
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not without its disadvantages. A familiar example of this is found 
in slide and motion-picture projectors, in which special cooling 
devices, such as motor-driven fans, are used to dissipate the heat 
given off by the strong source of light used in these instruments, in 
order to prevent damage to the slides or films. Although consider¬ 
able progress has been made in this direction, scientists are still con¬ 
cerned with the problem of the complete conversion of other forms 
of energy into light, with the production of the so-called “cold light” 
as their goal. 

Electricity. The use of electricity as a source of heat is very 
general and is familiar to everyone. The most common method for 
converting electrical energy into heat energy is to pass an electric 
current through a substance that is a relatively poor conductor of 
electricity or which offers resistance to its passage. Under these 
conditions the molecular friction that the resistance sets up is mani¬ 
fested by the production of heat. In the past it was customary to 
classify materials as conductors and nonconductors, but these terms 
have gradually fallen into disuse, since the properties indicated by 
them are relative rather than absolute. The practice now is to use 
the terms resistance and conductivity to describe these properties of 
matter. 

Combustion. By far the most widely used method for gener¬ 
ating heat is by chemical means, or by combustion of substances 
known as fuels. The materials used as fuels are rich in carbon and 
hydrogen in combined form; and upon complete oxidation in the 
presence of air or oxygen, these elements are converted into the 
gases, carbon dioxide, and water vapor. The heat energy generated 
is known as the heat of combustion. The fuels may be classified 
according to their physical forms as solid, liquid, and gaseous. 

Solid Fuels. Among the solid fuels commonly used are wood, 
coal, coke, charcoal, and peat. Although these are widely used for 
the purposes of cooking, domestic heating, and power production in 
industry, they find little use in pharmaceutical processes involving 
the application of heat. 

Liquid Fuels. The liquid fuels in common use include alcohol 
(both grain alcohol and wood alcohol or mixtures of these) and the 
petroleum products—gasoline, petroleum benzin, and products such 
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as some of the heavier fractions obtained by fractional distillation of 
crude petroleum oil. Within recent years the use of the crude 
petroleum itself, especially for domestic heating and power produc¬ 
tion, has become general. The liquid fuels employed in pharmaceu¬ 
tical operations are restricted to alcohol and, to a lesser extent, 
gasoline and petroleum benzin. 

Gaseous Fuels. The principal gaseous fuels are manufactured 
illuminating gas (which may be of several types, such as coal gas, 
coke-oven gas, water gas, and flue gas), natural gas, propane, butane, 
Pyrofax, and acetylene gas. The latter consists of the unsaturated 
hydrocarbon, acetylene (C 2 H 2 ), and is usually prepared by the action 
of water on calcium carbide (CaCi). Because of the convenience 
with which the flow of gases may be regulated and controlled, fuels 
of this type are used almost exclusively in pharmaceutical opera¬ 
tions requiring the application of heat. 

Gas Burners. If illuminating gas is ignited as it is emitted from 
a tube, it burns with a luminous flame. A cold surface held above 
the flame, such as the bottom of a porcelain evaporating dish, will 
8 CK)n show a deposit of soot or carbon. The color imparted to the 
flame is the result of incomplete combustion, the minute particles of 
carbon that are formed becoming incandescent in the flame. This 
occurs because an insufficient supply of oxygen is available to permit 
complete oxidation of the carbon to carbon dioxide, which is a color¬ 
less gas. 

Bunsen Burners. In order to obtain a nonluminous flame and at 
the same time increase the thermal efficiency of the combustion 
process, the principle perfected by Robert Bunsen, the German 
chemist, has been adopted, and the operation of most devices used 
for burning gaseous fuels depends upon this principle. The burner 
developed by Bunsen provides for the admission of air at the base of 
a mixing tube, the mixture being ignited at the upper end of the 
tube. The supply of air may be regulated to adjust for differences 
in the composition of gaseous fuels and to compensate for differences 
in the rate of flow of the fuel. Under these conditions a nonlumi¬ 
nous flame is obtained, and the amount of heat produced is much 
greater than that of the luminous flame, since a more complete com¬ 
bustion of the gas is obtained. 
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The ordinary bunsen burner produces a double cone-shaped flame, 
with the greatest intensity of heat at the tip of the inner cone. In 
the operation of the burner a tendency for the flame to strike back, 
or flash back, is noticed, which means that, instead of burning at the 
end of the burner, the flame ignites the gas at the gas orifice at the 
base of the mixing tube. This bi^havior is usually noted if the 
adjustment of the air vents is relatively wide as the flow of gas is 
turned down to a low rate. It can usualh be pnwented by partly 



Fig. 58. Bunsen burners. 


closing the air vents before reducing the flow of gas. Certain 
improvements have been made in the design of burners in order to 
increase their efficiency. The burner on the right in Fig. 58 is pro¬ 
vided with a special shield, or flame retainer, designed for use where 
natural gas is to be used as the fuel. This serves to overcome the 
tendency that the flame produced by this fuel has to blow out, espe¬ 
cially when the flame is reduced to a low level. Other refinements 
that have been added include needle-valve controls for both the gas 
and the air admitted to the burner. 

High-temperaiure Burners, To overcome the tendency of the 
ordinary bunsen burner to flash back and at the same time increase 
the efficiency of the burner and permit higher temperatures to be 
attained, special types of burner have been developed employing 
the principle of the Davy safety lamp, which is used in mining. 
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When a wire gauze or screen is heated by a flame, the wire of the 
gauze, being an excellent conductor, tends to dissipate the heat 
rapidly, with the result that the flame is actually cooled. Under 
these conditions it is impossible for the flame to pass through the 
gauze and ignite the inflammable vapors on the other side. At the 
same time the wire screen breaks up the flame into numerous cones. 




Fig, 59. High-tomporature burners. 


which extend only a short distance above the screen. This provides 
a flat zone in which extremely high temperatures are reached, in the 
neighborhood of 1800'^C., wliich is considerably higher than the 
highest temperature attained in any part of the flame of the ordinary 
bunsen burner. 

Blast Burners, For certain types of work, such as ignitions, 
fusions, glass blowing, and welding, still higher temperatures are 
required. The devices used for this purpose are variously l^nowii 
as blast burners, blast lamps, blowtorches, and blast furnaces. The 
principle involved is the same as that of the bunsen burner, except 
that the process of combustion is accelerated by supplying com¬ 
pressed air to the burner. Still higher temperatures may be attained 
if both the fuel gas and the air are under increased pressure. The 
maximum rate of combustion is attained, with a corresponding 
increase in temperature, if compressed oxygen is substituted for air. 
Since the air normally contains only about 21 per cent by volume of 
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oxygen and oxygen is the only constituent of the air that supports 
combustion, the increase in the combustion rate is very great. Thus 




Fig. 60. Blast lamps. 

the flame of the oxyacetylene torch is capable of fusing thick layers 
of steel plate almost upon contact. 

THE REGULATION OF HEAT 

In many of the pharmaceutical operations requiring the applica¬ 
tion of heat, suitable means of distributing, limiting, or regulating 
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the heat must be provided, since almost all medicinal substances 
may undergo chemical changes or be completely destroyed if exposed 
to high temperatures. Some of the devices employed serve only to 
give a more uniform distribution of heat, without in any way limit¬ 
ing the temperature, while others fulfill both functions. 

The Wire Gauze. Since the heat of the bunsen burner is con¬ 
centrated, especially at the tip of the inner cone of the flame, there 
is need for distributing this heat more or less uniformly in the heat¬ 
ing of materials contained in porcelain or glass containers. Other¬ 
wise there is some danger of breakage of the container due to the 
very rapid increase in temperature, and the further risk of overheat¬ 
ing the material locally in the zone immediately adjacent to the 
flame. The wire gauze is commonly used for the purpose of attain¬ 
ing uniform heat distribution. It is generally accepted as standard 
practice that dishes, Ix'akers, flasks, etc., are not to be heated in the 
direct flame of the burner, except in special cases such as ignitions 
and incinerations. The >\ire gauze does not limit the temperature 
that >vill be reached, but it is effective in distributing the heat more 
or less uniformly. This is explained by the fact that the wire is an 
excellent conductor and rapidly transmits the heat away from the 
point of contact with the flame. Wire gauzes are made of iron wire, 
of special alloys such as Nichrome, Monel metal, and Chromel, of 
brass, and of copper. Copper gauze is perhaps the least desirable, 
because of the ease with which it is oxidized upon being heated. 
Iron wire gauze is somewhat more resistant but upon long heating 
tends to become partly oxidized and brittle. On the other hand, 
gauzes made of Nichrome, Monel metal, and Chromel wire are espe¬ 
cially heat-resistant and show little tendency to become oxidized, 
even after prolonged use. 

The Sand Bath. Another convenient means of dist*kbuting 
heat is the sand bath. This consists of a container, usually made 
of sheet iron, partly filled with sand, which is to be packed around 
the utensil to be heated. Just as in the use of the wire gauze, the 
sand bath in no way limits the temperature that may be reached. 
However, sand is a relatively poor conductor of heat as compared 
with wire gauze, and because of this difference the sand bath is espe¬ 
cially useful in preventing rapid fluctuations in temperature such as 
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may occur in heating with the wire gauze. The sand transmits heat 
much more slowly and as a result tends to hold the heat longer. A 
wire gauze becomes cooled to room temperature rather quickly after 
the flame is withdrawn, but the sand bath retains considerable heat 
for an extended period. This effect is not altogether due to the 
difference between these two materials in their ability to conduct 
heat but is partly accounted for by the fact that the quantity of sand 
used in the bath greatly exceeds the quantity of metal contained in 
the wire gauze. For tliis reason the sand bath is commonly pre- 



Fio. 61. Sand baths. 


ferred where heating at comparatively high temperatures is requirt^d, 
especially where it is desirable for the temperature to remain more 
or less uniform. 

The Water Bath. One of the most convenient and widely used 
methods of providing for the distribution of heat and at the same 
time limiting the temperature is the water bath. Since the boiling 
point of water at an atmospheric pressure corresponding to 760 mm. 
of mercury is 100®C. (212°F.), it follows that the contents of a beaker 
or dish placed on a water bath cannot exceed this temperature so 
long as any water remains in the water bath. As a matter of fact, 
the maximum temperature reached by the liquid being heated on 
the water bath is found to be considerably below the boiling point of 
water, depending upon the amount of heat lost by radiation, but 
usually approaching the range of 85 to 95®C. The latter tempera¬ 
ture is usually attained only if the dish or beaker is actually in con¬ 
tact with the boiling water. This use of the water bath is some¬ 
times known as indirect heating and has been employed for a long 
time. It is of some historic interest to note that, according to 
D. Lloyd Howard,^ a patent was issued in England in 1692 to 

‘A. O. Bentley. “A Text-book of Pharmaceutics,’* Bailli^re, Tindall & 
Cox, London, 4th ed., 1937, p. 75. 
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Anthony Smith for the idea of evaporating liquors by means of the 
heat from other boiling liquids. The similarity between the water 
bath and the familiar double boiler used in the kitchen is at once 
apparent. 

Various utensils may be adapted for use as a water bath, such as 
a large beaker or evaporating dish. For greater convenience a con- 




1 K. 62 Wator baths 


tainer especially designed for tlie purpose is commonly used. This 
usuall> is a vessel made of copper, ordinarily witli a rounded bottom, 
and provided with a cover consisting of a series of concentric rings 
for convenience in adjusting to the dimensions of containers of vari¬ 
ous sizes that are to be placed on the water bath. One of th^' jK)ints 
to be remembered in the use of the ordinary water bath is the fact 
that in due time all the water will be boiled away unless the supply is 
replenished from time to time. For this reason a constant-level 
device is a useful accessory. This consists of a vertical tube con¬ 
nected by means of a side-arm tube to the water bath near its base. 
The vertical tube contains a smaller overflow tube, which is adjust¬ 
able as to its height, automatically controlling the level of the water 
in the bath. A small stream of w ater is kept continually flowing 
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into the larger vertical tube, and the excess is drained off through 
the overflow tube. 

Other Liquid Baths. Occasionally it is desirable for certain 
substances to be heated to temperatures considerably higher than 
the boiling point of water, some limitation of the temperature being 
required at the same time in order to protect the substance being 
heated. In such cases other liquids are commonly used to replace 
the water in the bath. For temperatures only slightly higher such 
liquids as toluene (CeHsf'Ha) (boiling point approximately 108°C.) 
or xylene (C 6 H 4 (CH 3 ) 2 ) (boiling point approximately 140°C.) may 
be used. For still higher temperatures such liquids as the vege¬ 
table oils (cottonseed oil, expressed oil of almonds, corn oil, sesame 
oil, peanut oil, etc.) or glycerin may be used. Vegetable oils may 
be used for temperatures up to approximately 260°C.; at this point 
decomposition sets in, with the liberation of the irritating vapK)rs of 
acrolein. Glycerin may also be used, but again at temperatures not 
exceeding 250°C., since this compound also develops the vapors of 
acrolein at approximately this temperature. Some of the artificial 
fats obtained by hydrogenation of cottonseed oil and other vegetable 
oils, such as Crisco or Spry, may be used with somewhat better 
results, since these substances show little tendency to decompose 
even upon long heating. For still higher temperature ranges the 
higher distilling fractions obtained from crude petroleum, such as 
mineral oil, may be used. Since these fractions consist largely of 
saturated hydrocarbons, they withstand the effect of heat, even for 
considerable periods of time, without serious decomposition. 

Petrolatum, paraffin, beeswax, and other natural waxes are some¬ 
times used. For still higher temperatures a number of fusible 
metallic alloys have been developed that are extremely useful. 
These are solid at ordinary temperatures but become liquid at tem¬ 
peratures of 100®C. or lower. The more commonly used alloys of 
this type are given in Table 17. It should be remembered that the 
chief effect of a bath in which a fusible metallic alloy is used is to 
distribute the heat and guard against fluctuations in temperature. 
For the most part the boiling points of these alloys are so high that 
they exert no limiting effect on the maximum temperature. When 
these substances are used the control of temperature is dependent 
upon the source of heat and the way in which it is regulated. 
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The Constant-temperature Bath. For certain processes, 
assays, and tests, it is frequently necessary to maintain an approxi¬ 
mately uniform temperature (usually below 100®C.) for extended 
periods of time. The constant-temperature bath is used for this 
purpose. In its simplest form the necessary apparatus includes a 
thermometer; a thermostat, or temperature-regulating device; a 
mechanical stirring device in order to ensure uniform distribution 


Table 17. Fusible Metallic Alloys' 


Nanit^ 

Composition, per cent 

Melting 
point, °C. 

Bismuth 

l>ead 

Tin 

Cadmium 

D’An et’n allov . 

50 

25 

25 


93.7 

1 Jchlenhorg’s alloy . . . 

50 

30 

20 


91.6 

Lipowitz’s alloy. 

50 

27 

13 

10 

60 

Newton’s alloy. 

50 

31 

19 


94.5 

Onion’s alloy. 

50 

20 

30 



Rose’s allov. 

50 

28 

22 


100 

Wood’s metal. 

50 

25 

12.5 

12.5 

71 


1 Soleciftd from a tabic given in Webster’s New Interna tic »nal Dictionary of the F^uglish Lan¬ 
guage, 2d tid., I9i7, p. 1022. 


of the heat; and a source of heat, which is automatically controlled 
by the thermostat. The operation of the thermostat is based upon 
the expansion and contraction of certain organic liquids or mercury, 
which serve to turn the supply of gas on or off or to open and close 
the electrical circuit of a heating element, as may be required, in 
order to maintain a uniform temperature. Certain of these devices 
may be adjusted to a remarkable degree of accuracy. One manu¬ 
facturer claims that the constant-temperature bath of his design, 
employing an electric heating unit, is capable of maintaining a pre¬ 
determined temperature which does not vary more than 0.02 of a 
centigrade degree. 

The Steam Bath. For greater convenience in the application 
of heat, particularly in large-scale operations, the steam bath is 
frequently substituted for the water bath. The greater convenience 
is due largely to the fact that the steam may be distributed to vari¬ 
ous parts of the laboratory as required by means of pipes from a 
central generator or boiler and that this method is a more efficient 
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process of transmitting heat. This greater efficiency is explained 
by the fact that, although the temperature of steam at a pressure of 
760 mm. of mercury is the same as that of boiling water (lOCC.), 
the heat capacity of steam is much greater. This is due to what is 



Fig. 63. Constant-temperature bath. 


sometimes called the latent heat of steam. If water is heated up to 
its boiling point it shows a progressive rise in temperature, as the 
heating continues, until ebullition actually occurs. From this point 
on, the addition of heat energy has no apparent effect in elevating 
the temperature. This energy is not lost, however, as the term 
latent implies, but is consumed in driving the molecules of water 
farther apart so that the liquid phase changes to a vapor. 

The effect of this additional heat energy contained in steam may 
be illustrated as follows: If equal weights of water at 0®C. and at 
100®C. are mixed, the temperature of the resulting mixture will be 








theory* generation, and control op heat 281 


50°C., the average of the two extremes of temperature. If, on the 
other hand, equal weights of water at O'^C. and steam at 100®C. are 
mixed, the water will be brought to a temperature of 100®C. The 
additional heat energy contained in steam at atmospheric pressure, 
commonly known as the latent heat of steam or of vaporization, 
becomes available as sensible heat as the vapor condenses to the 
liquid phase. Careful measurements have shown that the latent 
heat of steam is approximately 537 cal. The amount of heat neces¬ 
sary to elevate the temperature of 1 Gm. of water to the tempera¬ 
ture of 100°C., its boiling point, is 100 cal. One gram of steam at 
the same temperature therefore contains 5.37 times as much heat 
energy. This difference in heat value explains the greater efficiency 
of steam over boiling water as a means of transmitting heat. 

The efficiency of steam as a source of heat may be still further 
increased by increasing the pressure. When water is heated under 

Table 18, Steam Temperatijres at Various Pressures* 
Pressure, tb. per sq. in. Teiiii)erature, °C. 

5 109 

10 116 

15 120 

25 130 

30 135 

80 163 

> A. O. Bentley. “A Text-book of Pharraaceutics,” Bailli^re, Tindall & Cox, London, 4th od., 
1937, p. 86. The pressures shown in ibis table are expressed in terms of gauge pressures, or 
pressures above atmospheric pressure. 

ordinary atmospheric pressure, it boils at that temperature at which 
its vapor pressure just exceeds the pressure of the atmosphere, viz., 
at 100°C. if the pressure corresponds to 760 ram. of mercury. If, 
however, the water is boiled in a closed container, such as a boiler, 
the pressure produced by its own vapor prevents the liquid from 
boiling until a higher temperature is reached, and the temperature 
of the steam that is produced under these conditions will be corre¬ 
spondingly higher. The normal atmospheric pressure approximates 
14.7 lb. per sq. in. Accordingly, if water is brought to a boil at 
pressures lower than this value, the temperature of the steam will be 
correspondingly lower than lOO^C. On the other hand, if the pres¬ 
sure is greater than 14,7 lb. per sq. in., the temperature of the steam 
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is correspondingly greater than 100®C. The effect of increased pres¬ 
sure on the temperature of steam may be seen in Table 18. 

Steam Sterilizers. A special application of steam under pres¬ 
sure is that of sterilization (see Chap. 12, page 406) of solutions of 
medicinal substances wliich would be destroyed by the higher tem¬ 
peratures necessary to effect sterilization 
by dry heat. Advantage is taken of the 
fact that steam under pressure shows an 
increase in temperature. The steam ster¬ 
ilizer, commonly called the autoclave, con¬ 
sists essentially of a boiler or other source 
for steam generation under pressure, con¬ 
nected to a larger chamber capable of 
withstanding pressure and provided with 
a thermometer and a safety valve, which 
may be adjusted for different prt'ssures. 
The use of steam under pressure is de¬ 
scribed as one of several methods of steri¬ 
lization under Process C page 692, of the 
Pharmacopoeia XIII. The recommenda¬ 
tions for the steam pressures to be em¬ 
ployed and the necessary periods of tirm^ 
required for adequate sterilization, to¬ 
gether with the corresponding tempera¬ 
tures attained, are given therein as follows: 
10 lb. pressure (115.5®C.) for 30 min., 15 
lb. pressure (121.5®C.) for 20 min., 20 lb. 
pressure (126.5°C.) for 15 min. 

Air Baths. An indirect method of heating, depending upon 
the transfer of heat by the use of heated air, which effects the 
transfer principally by convection and radiation, is represented 
by the air bath. The devices used for this purpose are known by 
a variety of names, such as drying ovens, drying closets, incu¬ 
bators, or hot-air sterilizers. Some of these devices are provided 
with thermostatic control of the temperature. In other cases 
the only means of controlling temperature is by regulation of the 
source of heat. In bacteriological work it is required that the 



Fiq. 64. Steam sterilizer. 
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cultural media used for the growth and propagation of bacteria shall 
be maintained at temperatures approximating body temperature. 
The incubators used for this purpose are provided with thermostatic 
control and are usually operated at approximately 37®C. For 
certain pharmaceutical manufacturing operations, such as tlie 
granulation of effervescent salts or the preparation of granulated 
material to be compressed into tablets, large drying ovens are 
provided that maintain temperatures in the region of 1()0®C. For 
the sterilization of glassware and other apparatus that is not affected 
by high temperatures, hot-air sterilizers are available, usually 
employing gas heat. Although dry-heat sterilization is ordinarily 
conducted at a temperature range of 160 to 190°C., some of the hot¬ 
air sterilizers of this type are capable of reaching a temperature as 
high as 400°C. 

STUDY QUESTIONS 

1. Explain the phlogiston theory of heat. 

2. What was the caloric theory of heat? 

3. Explain fully the modem conception of heat. 

4. What practical application is made of the fact that the coefficients 
of linear expansion are almost identical for platinum and glass? 

5. For what special uses is Invar steel particularly well adapted because 
of its small jcoefficient of linear expansion? 

6. What is the firgt law of thermodynamics? 

7. Name and define the ways in which heat is transmitted. 

8. How is the intensity of heat measured? 

9. How is the quantity of heat measured? 

10. How did Fahrenheit determine the fixed points of reference that he 
used to develop his thermometer scale? 

11. Explain how the absolute zero was determined to be — 273®C. 

12. How does the Anschutz thermometer differ in construction from 
other types of thermometer? 

13. What are the special characteristics and uses of the differential 
thermometer? 

14. What detail of construction of the clinical thermometer permits it to 
function as a self-registering thermometer? 

15. Define (a) the calorie; (6) the British thermal unit. 

16. For what purpose is the calorimeter-used? 

17. Define specific heat. 

18. What is noteworthy concerning the specific heat of water as com¬ 
pared with the corresponding values for other liquids and solids? 
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19. What are the principal forms of energy that serve as sources of heat? 

20. Explain the principle of the bunsen burner. 

21. Explain why higher temperatures may be reached with the blast 
burner than with the ordinary bunsen burner. 

22. What functions are performed by (a) the wire gauze; (6) the sand 
bath? 

23. Explain how the water bath regulates heat. 

24. What liquid would you recommend for use in a bath intended to 
limit the temperature to approximately 135°C.? 

25. Explain fully the advantages of the steam bath over the water 
bath as a source of heat. 

26. What is the effect of pressure upon the temperature of steam? 

27. What is the autoclave, and for what purpose is it used? 

28. What pressures, temperatures, and periods of time of exposure are 
recommended as essential to adequate sterilization by the use of steam 
under pressure? 

29. What temperature is ordinarily maintained in incubators used in 
bacteriological work? 

30. What are the usual temperature ranges employed in dry-heat 
sterilization? 
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Chapter 10 


APPLICATIONS OF, AND PROCESSES 
INVOLVING, HEAT 

Having considered the theory of lieat and its generation and 
control in the precc'ding chapter, we now turn our attention to 
the applications of heat to pharmaceutical operations and the 
study of those processes in which physical or chemical changes 
are produced by heat energy. These processes are to be discussed 
in some detail in this chapter and Chap. 11. Tlie specific processes 
to be considered include the following: fusion, evaporation, ebulli¬ 
tion, desiccation, exsiccation, ignition, calcination, deflagration, 
carbonization, incineration, torrefaction, refrigeration, distillation, 
ajid sublimation. 

Fusion. As explained in Chap. 9, solid substances tend to 
retain their solid state because of the mutual attrac tion, or cohesion, 
of the molecules, this force bc»ing augmentc‘d slightly by the atmos¬ 
pheric pressure. As heat is applied to the substance the molecular 
vibrations are incTeasc‘d in am[)litude, producing a corresponding 
expansion in the solid. If the application of heat is continued long 
enough, a certain temperature is reached, which is characteristic for 
each substance, at which the solid matc^rial changes to the liquid 
state. This change is known as fusion or melting. If the resulting 
liquid is then cooled slightiv, the reverse process, known as congela¬ 
tion, or freezing, occurs and the lic[uid again becomes solid. The 
transition temperatures for these changes, known as the melting 
point and the congealing point respectively, are important physical 
properties, since for a pure chemical substance these values are 
constant at a given pressure. As a matter of fact, minor differences 
in atmospheric pressure have so slight an influence upon melting 
points and congealing points that corrections for this effect are 
usually ignored. The constant melting point holds true for pure 
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substances only, an impure substance always showing a lower value. 
Consequently this physical property is a valuable means of identi¬ 
fication of pure substances and also serves as a clue in the detection 
of adulteration of solid substances. 

The changes in physical form produced by heat may be illustrated 
by the behavior of ice. As heat is applied the ice begins to liquefy, 
or melt. A thermometer placed in the mixture of ice and water will 
show a temperature of 0°C. (32''F.), provided that the mixture is 
well stirred, and this temperature will remain constant until the last 
portion of ice has disappeared, even though heat is being applied 
continually. This occurs because, at the point of fusion, all the 
heat energy is consumed in forcing the molecules apart as the solid is 
changed to a liquid. The heat energy required for this purpose is 
known as the heat of fusion or the latent heat of fusion. Careful 
determinations have shown that the amount of heat energy required 
to convert 1 (irn. of ice into water at 0°C. is 79.7 cal. 

If the water resulting from the fusion of the ice is heated still 
further, a more or less uniform increase in temperature will be 
noted until a temperature of 100°(^.. (212°F.) is reached, where again 
the temperature b(*comes constant and boiling of the liquid begins. 
As explained in the discussion of steam baths in Chap. 9, at this 
point the additional heat energ> is absorbed and utilized in forcing 
the molecules of the liquid still farther apart to form the \apor 
phase. The heat of vaporization of water (the amount of heat 
required to change 1 Gm. of water at 100®(\ into water \apor of the 
same temperature) has been determined as 537 cal. 

Melting-point Determinations. Solidus of Class I. The Phar¬ 
macopoeia defines the melting points, or ranges, of solids as “those 
points or ranges of temperature at which or within which tin / are 
observed to melt” when treated in accordance with the directions 
given for one of the prescribed tests for the determination of melting 
points. For detailed information on melting-point determinations, 
the official monograph on Melting Range or Temperature that 
appears in the thirteenth revision of the Pharmacopoeia, page 667, 
should be consulted. Three distinct classes of solid substances are 
listed, with separate procedures outlined for each class. The 
classification is as follows: 
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Class I. Materials readily reduced to a powder. 

Class ir. Materials not readily reduced to a powder, such as fats, 
fatty acids, paraffin, and waxes. 

Class III. Petrolatum. 

For materials of Class I, which includes by far more chemical 
compounds of known composition than any other of the three classes 
listed, the apparatus required for the test consists of a round-bot¬ 
tom glass tube, 30 to 40 mm. internal diameter and about 12 cm. 
long; a stirring device, which may be made by bending a glass rod in 
the proper shape; a standard thermometer, preferably of Type I or 
Type II as described on page 701 of the thirteenth revision of the 
Pharmacopoeia; and a capillary glass tube about 9 cm. long and 
from 0.8 to 1.2 mm. internal diameter, the walls from 0.2 to 0.3 mm. 
thick and the tube closed at one end. 

The Pharmacopoeia states, however, that any other apparatus or 
method capable of equal accuracy may be used and that six l .S.P. 
Melting Point Reference Standards are available and may be used 
for checking the accuracy of a method or apparatus. 

In the monograph on Melting Points that appeared on page 595 of 
the twelfth revision of the Pharmacopoeia, as well as in earlier 
revisions, the use of an auxiliary thermometer for the purpose of 
making emergent stem corrections was reejuired. In the thirteenth 
revision, however, the thermometers described for use in melting- 
point determinations (Type I or Type II of the table showing 
Thermometer Specifications, page 702) are graduated for the 
standard immersion of 76 mm. (3 in.) and do not require an emergent 
stem correction. Should a total-immersion (Anschutz) thermom¬ 
eter be used in place of a Type I or Type II thermometer the correc¬ 
tion is likewise omitted. If any other thermometer that is not 
corrected for a standard degree of immersion is used, then the 
auxiliary thermometer must be used and the emergent stem correc¬ 
tion must be calculated in accordance with the formula shown on 
page 596 of the twelfth revision of the Pharmacopoeia. 

The ipaterial to be tested is reduced to a very fine powder and, 
unless otherwise directed, is rendered anhydrous by suitable drying, 
either over sulfuric acid for 24 hr. or by heating at the specified tem¬ 
perature for the prescribed period of time. A sufficient amount of 
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the material to be tested is placed in the tube to form a column 2.5 
to 3.5 mm. in height. The capillary tube is then attached to the 
thermometer, either by wetting with the liquid to be used in the 
heating bath and placing the tube alongside the thermometer, 
whereupon it will be held in place by capillary attraction, or by 
means of a platinum wire, in such a position that the sample is 
adjacent to the bulb of the thermometer. The thermometer is then 
adjusted so that the upper end of the bulb is 2 to 3 cm. below the 
level of the liquid in the lieating bath. 

The bath is heated by means of a bunsen burner until a tempera¬ 
ture is reached that is about 30° below the supposed melting point; 
at this point the rate of lieating is decreased to about 3° per min. 
until a temperature is reached that is 3° below the expected melting 
point, then the rise in temperature is carefully regulated to about 1° 
per min. until the melting is complete. The temperature at which 
the column of the sample is observed to collapse definitely against 
the side of the tube at any point is defined as the beginning of melt¬ 
ing, and the temperature at which the sample becomes liquid 
throughout is defined as the end of melting. 

The following suggestions regarding liijuids to be used in the 
heating baths for melting-point determinations are given in the 
Pharmacopoeia: 

For temperatures up to 200°, concentrated sulfuric acid is a suitable bath. 
For higher temperatures, up to about 350°, a pure grade of cottonseed oil 
(almost colorless) will serve for a limited number of determinations. Other 
substitutes for sulfuric acid for use at high temperature are: (1) a pure grade 
of paraffin which has been freshly distilled; (2) a clean, white, hydrogenated 
vegetable oil. A very satisfactory bath is prepared by dissolving with the 
aid of heat, 30 parts of potassium sulfate with 70 parts of sulfuric acid, 
stirring constantly until the potassium sulfate is completely dissolved. 

A less cumbersome and equally satisfactory substitute for the 
tube and stirring device recommended by the Pharmacopoeia for 
determining the melting points of substances of Class I is repre¬ 
sented by the Thiele melting-point tube shown in Fig. 66. This 
consists of a wide tube, provided with a bent side arm, one end of 
which is attached to the tube near its lower end, the other end of the 
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side arm being sealed into the side wall of the tube at a higher 
elevation. 

The tube is filled with the liquid selected for use as the heating 
bath to a level slightly above the upper opening of the side arm. 
As heat from the burner is applied at the elbow of the side arm, the 
resulting expansion of the liquid sets convection currents into circu¬ 
lation, which tend to distribute the heat more or less uniformly 




Fin. 66. Melting-point tubes. 

tiu'oughout the bath. The use of stirring devices is eliminated, 
which enables the operator to give his undivided attention to the 
behavior of the sample and the observation of the temperature read¬ 
ing as the sample begins to melt. 

Special melting-point apparatus of various types have been sug¬ 
gested for use in determining the melting points of crystalline sub¬ 
stances. Most of these have been designed for the purpose of 
reducing the time necessary to complete the determination and at 
the same time maintaining a high degree of accuracy. One of the 
devices that has been recommended is known as the Fisher-Johns 
melting-point apparatus. This apparatus was developed in accord¬ 
ance with the suggestions of Dr. I. B. Johns of Iowa State College. 
The sample to be tested is placed between cover glasses on an alumi¬ 
num stage, which is heated by passing an electrical current through 
a controlled resistance. A magnifying lens is mounted above the 
sample, which facilitates the detection of the actual point at which 
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melting occurs. A thermometer is mounted horizontally, with the 
bulb located immediately below the stage. The advantage claimed 
for the use of this apparatus is the elimination of the need for sulfuric 
acid or other heating baths and of stirring devices. The rate of 
increase of temperature may be accurately controlled. 



Fig. 67. Fishor-Johns iii<‘Itiiig-point apparatus. 



Fig. 68. Dennis melting-point aiiparalns. 


A somewhat more elaborate apparatus is that known as the 
Dennis melting-point apparatus, manufactured by the Parr Instru¬ 
ment Company of Moline, Ill. The advantages claimed for the use 
of this device are the ease of operation, the decreased time required 
for the determination, and the high degree of accuracy attained. 
This instrument was developed by Dr. L. M. Dennis and his 
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associates in the chemistry department of Cornell University and is 
described in detail in a paper by Dr. Dennis.^ The temperature 
measurements are made by the use of a copper-constantan thermo¬ 
couple in conjunction with a potentiometer. The apparatus 
consists essentially of a bar of pure copper, which is provided with an 
electrical heating coil at one end and cooling fins for the radiation of 
heat at the other. A constantan wire is attached to a traveling arm, 
which may be moved along the full length of the bar. Copper and 
constantan leads from the bar and the wire are provided for connec¬ 
tion with the potentiometer. A bimetallic couple is formed when 
the wire comes in contact with the bar, and the electromotive force 
that is produced is proportional to the temperature of the bar at that 
particular point of contact as indicated by the potentiometer. 

The material to be tested, if in the form of large crystals, is 
reduced to a fine powder and sprinkled lightly on the top of the 
copper bar. Only a small amount of sample is required, and this is 
arranged in the form of a train of powder two or three inches in 
length. The heating circuit is turned on, and the temperature of 
the bar is allowed to rise until the melting point of the material is 
reached. Since the heat is applied at one end of the bar and the 
radiation fins at the other end produce a cooling effect, this permits a 
temperature gradient to be set up that results in a sharp boundary 
between the molten and the solid material. The contact of the 
constantan wire with the copper bar is placed slightly ahead of the 
advancing line of fusion as the temperature of the bar increases. 
The reading of the potentiometer is taken at the instant when the 
line of demarcation is just opposite the contact of the constantan 
wire. By changing the adjustment of the contact to more advanced 
positions, a number of melting-point readings may be taken with the 
same sample. 

The manufacturer of this apparatus claims that a complete 
determination may be made within 5 min. or less and that check 
determinations may be made within 30 sec. All errors due to 
thermometer lag or the necessity for moving the thermometer 
before it can be read are eliminated, since the bimetallic couple is 
made at the exact point on the bar where the melting occurs. It 

^L. M. Dennis. J. Am, Chem, Soc. 52, 3128 (1930). 
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is further claimed that the operation is so simple and direct that 
accurate results may be obtained even by inexperienced operators. 

Solids of Class II. Special provisions are made for materials 
not readily reduced to a powder, such as fats, fatty acids, paraffin, 
and waxes. It has been found that when materials of this type 
are tested after having been recently fused, sharp melting points 
are not obtained. If the freshly melted material is subjected to 
refrigeration prior to testing, this error is avoided. The directions 
as given in the Pharmacopoeia provide that the material shall first 
be melted at the lowest temperature possible and drawn up in a 
capillary tube open at both ends to a height of approximately 10 mm. 
The charged tube is then cooled at I0°C. or lower for 24 hr. or in 
direct contact with ice for at least 2 hr. The procedure is the same 
as that followed for solids of Class I, except that within 5° of the 
anticipated melting point the rate of increase in temperature is 
restricted to about per min. Since most of the substances of 
this class have relatively low melting points, water is ordinarily used 
as the heating bath. The temperature at which the material is 
observed to rise in the tube is taken as the melting point. 

Solids of Class III. Because petrolatum is a mixture of hydro¬ 
carbons rather than a pure substance, its behavior upon fusion 
renders necessary a special procedure. The method described in the 
Pharmacopoeia under the heading Procedure for Testing Materials 
of Class III appeared for the first time in the twelfth revision. 

The procedure is as follows: The sample of petrolatum is melted 
slowly, with stirring, and the heat continued until the temperature 
reaches 90 to 92^C. The source of heat is then removed, and the 
molten material is allow ed to cool to a temperature 8 to lO"" above 
the anticipated melting point. The bulb of a thermometer of Type 
III is chilled to 5°C., wiped dry, and, while still cold, plac ed in the 
molten petrolatum so that approximately the lower half of the bulb 
is submerged. It is then withdrawn immediately and held in a 
vertical position away from the source of heat until the surface of the 
petrolatum becomes dull in appearance, whereupon it is placed for 5 
min. in a water bath having a temperature not greater than Ib'^C. 
The thermometer is then fixed securely in a test tube by means of a 
cork 80 that the lowest point is approximately 15 mm, above the 
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bottom of the test tube. The test tube is suspended in water of 
16®C. contained in a beaker, and the temperature of the bath is 
increased to 30°C., at a rate not exceeding 2° per min. When this 
temperature is reached, the rate of heating is reduced to 1® per min. 
The temperature at which the first drop of petrolatum is observed to 
leave the thermometer bulb is taken as the melting point. Freshly 
melted samples should be used for each determination. If three 
determinations show a variation that is not greater than 1®C., the 
average of the three values is taken. If the variation of three 
determinations is greater than 1°C., two additional determinations 
are made and the average of the five values is taken as the melting 
point. 

Congealing Point. Theoretically the congealing point of a liquid should be 
identical with the melting point of the same substance in solid form. Actually, 
slight differences are frequently observed in these two values, espwially when 
the determinations are made U{K)n mixtures of substances rather than upon 
pure compounds. For the general purpose of identilication and detection of 
impurities, the melting point is more commonly used. This is l>ecaii8e ample 
data on melting points may be found in the literature for almost all well-known 
substances, while data on congealing points have been reported only for a 
limited number of substances. 

A special procedure for the determination of congealing points is given under 
the section entitled Congealing Temperature on page 629 of the thirteenth 
revision of the Pharmacopoeia. This method may be summarized as follows: 
About 10 cc. of the liquid or 10 Gm. of the melted solid to be tested is placed in 
a dry test tube of about 20 mm. internal diameter and cooled in water or a 
suitable fre^ezing bath to a point approximately 5° below the supposed con¬ 
gealing point of the liquid. The test tube is then promptly suspended, through 
a stopper or by other means, to at least three-fourths of its length in a larger 
tube or a narrow bottle, and the liquid is gently stirred with a standardized 
thermometer until it begins to solidify. Frequently congelation may be 
induced by rubbing the inner walls of the test tube with the thermometer. The 
stirring is discontinued and the rise in temperature noted at intervals of from 
5 to 10 sec. The highest temperature remaining constant for about 1 min. is 
taken as the congealing temperature. 

Evaporation. This term may be defined as the formation of a 
vapor from the surface of a liquid. Evaporation is usually distin> 
guished from boiling, or ebullition, a phenomenon that occurs at 
only one temperature (at a given pressure) for a given liquid. 
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Evaporation may occur at any temperature, but only from the sur¬ 
face of a liquid. According to the molecular-motion theory of heat, 
it is assumed that the molecules of a liquid are constantly in motion 
but at the same time exert a mutual attraction upon each other. It 
is assumed that, as a result of their velocity, molecules of the liquid 
near the surface may pass into the space above the liquid. If the 
escaping molecules have sufficient velocity they may go beyond the 
zone of attraction of the molecules in the liquid ; but if the speed of 
the molecules is insufficient to overcome this attractive force they 
w ill then be drawn ba(‘k into the liquid. 

Although a certain number of molecules may escape from the 
liquid at any temperature, the number of molecules lost by evapora¬ 
tion increases with an increase in temperature. When any sub¬ 
stance, whether solid, liquid, or gas, is heated, the rate of vibration 
of the molecules, as well as the amplitude of vibration, is increased. 
(Consequently when a liquid is heated, the number of molecules near 
the surface possessing sufficient velocity to escape from the attrac¬ 
tion of the molecules remaining in the liquid is correspondingly 
greater. 

It has been observed that when a liquid is allowed to evaporate 
spontaneously, i.c., without the application of heat, the remaining 
liquid portion becomes cooler. This is especially noticeable in 
liquids that have a high vapor pressure, such as ether (537 mm. of 
mercury at 25®C., as compared with 23.7 mm. of mercury for water 
at the same temperature). This effect may be explained by the 
molecular-motion theory of heat. The reduction in temperature 
occurs because the molecules with the highest velocity of vibration, 
which means those possessing higher temperatures, are escaping 
from the liquid, leaving behind those with a smaller amplitude of 
vibration and correspondingly lower temperatures. Since addi¬ 
tional heat (heat of vaporization) is needed to transform the liquid 
to a vapor, this is absorbed from the liquid, with the result that a 
considerable reduction in the temperature of the liquid is noted. 

Heal of Vaporization, In Chap. 9, under the Steam Bath, refer¬ 
ence was made to the latent heat of vaporization of water in explain¬ 
ing the greater efficiency of the steam bath over the water bath as a 
means of transmitting heat. Every liquid substance has a definite 
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heat of vaporization that is peculiar to, and characteristic of, that 
particular liquid. This value may be defined as the number of 
calories of heat energy required to convert 1 Gm. of liquid at its 
boiling temperature into vapor of the same temperature. It will 
be recalled that the approximate value for the heat of vaporization 
of water is 537 cal. The heats of vaporization for a few of the com¬ 
mon organic liquids are listed in Table 19. Since the values for all 
the organic liquids listed are appreciably below the value for water, 
it follows that, at any given temperature below the boiling point, 
the rate of evaporation for all these substances will be greater than 
that for water. 

Table 19. Heats of V\pohization^ 


Compound 

Heat of 

VajK)rization, cal, 

Acetone . 

... 124 5 

Benzene . 

.... 94 3 

Carbon disulfide. 

84 1 

Carbon tetrachloride . 

16 1 

Chloroform . 

59 0 

Ethyl acetate 

88 4 

Ethyl alcohol 

201 0 

Ethyl ether.. 

83 9 

Nitrobenzene . 

79 1 


1 Selected from a table appearing in N. A Lange, “Handbook of ('hemislry,” Handbook 
Publishers, Inc., Sandusky, Ohio, 2d ed., 1937, p 1149 

Vapor Pressure, Evaporation wWl continue to take place from 
the surface of the liquid only so long as it is exposed to an unlim¬ 
ited and unsaturated atmosphere. If evaporation occurs within 
a closed space, that space eventually becomes fully saturated 
with vapor and at this point an exchange of molecules will occur 
at a constant rate between the liquid and the vapor phases. Thus a 
condition of dynamic equilibrium is reached, which means in effect 
that no further evaporation can occur. Under these conditions the 
vapor contained in the closed space in contact with the liquid is 
known as a saturaied vapor, and for a given temperature this pressure 
is constant for a given liquid. Liquids possessing high vapor 
pressures for a given temperature allow a relatively higher rate of 
evaporation, or are said to be more volatile, than liquids with lower 
vapor pressures. It is interesting to note that, in accordance with 





APPLICATIONS, PROCESSES, INVOLVING HEAT 297 


Dalton*s law of partial pressures, when more than one vapor is present 
in a closed system, the total pressure exerted by the mixture of 
vapors is equal to the sum of the pressures that each of the vapors 
would exert individually in the absence of any other vapor. This 
effect of total pressures of mixed vapors is of considerable signifi¬ 
cance with reference to fractional distillation and will be men¬ 
tioned in that connection in Chap. 11. 

Atmospheric Moisture. The air does not usually contain all 
the water vapor it is capable of holding at a given temperature. 
Because the quantity of moisture required for saturation decreases 
with a decrease in temperature, it often happens, however, that 
a drop in temperature will cause dew to be formed or, at lower 
temperatures, frost to be produced. This is explained by the 
fact that the quantity of water vapor originally present is more 
than sufficient for saturation at the lower temperature. The 
temperature at which water vapor begins to condense is known as 
the dew point. 

It is customary to refer to the quantity of water vapor in the 
air in terms of humidity. In meteorology the expressions absolute 
humidity and relative humidity are commonly used. The former is 
used to indicate the quantity of water vapor actually present in the 
air at a given temperature and is usually expressed in weight units 
per unit of volume, as grams per cubic meter or grains per cubic foot. 
Relative humidity expresses, as percentage, the ratio between the 
quantity of moisture present and the quantity required at the same 
temperature for complete saturation. Thus a relative humidity of 
100 indicates complete saturation, while a value of 50 denotes that 
the quantity of moisture present is equivalent to one-half the 
amount required to attain saturation at the same temperature. 

Determination of Relative Humidity. Relative humidity is 
usually determined by the use of instruments called hygrometers. 
The principle employed is based on the difference in temperature 
readings shown by two thermometers, one with a dry bulb and 
one with a wet bulb. Advantage is taken of the fact that a liquid, 
as it evaporates, absorbs heat from its surroundings. Two ther¬ 
mometers are provided, the bulb of one being equipped with a wick¬ 
like device, which maintains it in a moist condition. The rate of 
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evaporation of the water is inversely proportional to the relative 
humidity in the surrounding atmosphere, being more rapid in rela¬ 
tively dry air and less rapid as the saturation point is approached. 
The more rapid the rate of evaporation, the greater the cooling effect 
upon the wet-bulb thermometer. The difference in the tempera- 




Sling psychrometer 

Fig. 69. Hygrometers. 


tures of the two thermometers is read and converted into relative 
humidity by referring to special tables provided by the manufac¬ 
turers of the instrument showing the relative humidity correspond¬ 
ing to the observed difference in temperature readings at any 
existing atmospheric temperature. 

A modification of the wet- and dry-bulb type of hygrometer is 
illustrated by the sling psychrometer shown in Fig. 69. This 
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diffors from the instrument just described in that the two thermom¬ 
eters are mounted on a frame provided with a handle and a swivel 
joint so that, after moistening the bulb of one of the thermometers, 
both may be whirled about rapidly in the air. Under these condi¬ 
tions of forced ventilation more rapid evaporation occurs, corre¬ 
spondingly greater differences in temperature being shown by the 
two thermometers, as compared with the results obtained with the 
stationary wet- and dry-bulb thermometers. Accordingly the 
values shown in the tables for conversion of readings obtained with 
this instrument take this effect into account and do not apply to the 
readings obtained with the stationary type of instrument. 

Factors Influencing the Rate of Ei^aporat ion. The rate of evapora¬ 
tion of a liquid at a temperature below its boiling point is influenced 
by a number of factors. These factors are (1) the surface area 
exposed, (2) the concentration of the vapor in contact with the 
liquid, (3) the pressure on the surface of the liquid, (4) the tempera¬ 
ture of the vapor, and (5) the temperature of the liquid. 

1. The Surface Area Exposed. It has been shown by Dalton that at a 
given temperature the rate of evaporation, expressed in terms of the mass of 
vapor produced per unit of time, is proportional to the area of the surface 
exposed; e.g.^ if at a given temperature a liquid is evaporated in a square pan 
having the dimensions of 6 in. on each side, the number 36 (6 X 6) may be 
used to express the rate of evaporation. On the other hand, if the same quan¬ 
tity of liquid is placed in a square container 3 by 3 in. in size, the value 9 (3 X 3) 
would represent the relative rate of evaporation. These relationships would 
exist only if all other factors remain constant. Practical application of this prin¬ 
ciple has been made in designing the shape of evaporating dishes, which are 
usually of wide diameter and relatively shallow depth in order to expose the 
greatest possible surface as an aid in speeding up the process of evaporation. 
The effect of increased surface may also be gained in another way, viz., by agitat¬ 
ing or stirring the liquid while it is being evaporated. As the liquid is moved 
al)Out, a relatively greater surface of the liquid is exposed to tlie surrounding 
atmosphere than would be the case if the liquid were left undisturbed. In indus¬ 
trial processes where evaporation is used as a means of absorbing heat (refrigera¬ 
tion), the use of sprinkler systems by means of which the liquid to be evaporated 
is forced into fine streams or spray represents a practical application of this 
principle. The surface of the liquid exposed to contact with the atmosphere is 
increased in this manner as a mears of increasing the rate of evaporation. 

2. Concentration of the Vapor. If all other factors remain constant, 
the rate of evaporation is proportional to the concentration of the vapor in 



300 PRINCIPLES AND PROCESSES OF PHARMACY 

the atmosphere immediately above the liquid. As has already been indi¬ 
cated, when evaporation takes place within a closed container the atmosphere 
above the liquid soon becomes fully saturated, with the result that no further 
evaporation can occur. A more accurate statement of the influence of this 
factor upon the rate of evaporation would be to say that the rate of evaporation 
is proportional to the difference between the maximum vapor pressure of the 





Fig. 70. Evaporating dishes. 


liquid in question and the pressure due to the vai)or actually present in the 
atmosphere immediately above the liquid. Thus it is evident that when these 
two pressures become equal there can be no evaporation and that the maximum 
rate of evaporation will be attained when the concentration of the vapor in the 
atmosphere surrounding the liquid is equal to zero. This explains the advan¬ 
tage of providing for the free circulation of air during evaporation. A current 
of air from a fan or other source will materially increase the rate of evaporation 
of a liquid. 

3. The Pressure on the Surface of the Liquid. If all other factors 
remain constant, the rate of evaporation is inversely proportional to the pres¬ 
sure on the surface of the liquid. This means in effect that if the pressure is 
reduced by one-half, the rate of evaporation will be doubled. TUs may be 




applications, processes, involving heat 301 


plained from the standpoint of the resistance of the pressure to the movement 
of molecules. When the pressure is reduced, less resistance to the movement 
of the molecules is offered, they are able to attain a higher velocity, and a 
relatively greater number are able to escape from the liquid in a given period 
of time. Practical application of this principle is made in the use of vacuuni 
desiccators, vacuum drying ovens, vacuum pans, etc., which are used for the 
removal of moisture or other liquids from solid or liquid substances. 

4. The Temperature of the Vapor. A vapor that is saturated at one 
temperature will be unsaturated at a higher temperature. Conversely, if u 
saturated vapor is cooled, some of the vapor condenses and becomes liquid. 
It has already been pointed out that no evaporation can occur in the presence 
of a saturated vapor and that the rate of evaporation increases as the con- 
<^entration of the vapor is decreased. It must follow that the rate of evapora¬ 
tion may be increased by increasing the temperature of the vapor. Some idea 
of the effect of this factor may be obtained from the fact that 1 cu. M. of air 
will contain, if fully saturated, about 12 Gm. of water vapor at 15°C., 82 Gm. at 
.'>0°C., and as much as 234 Gm. at 75°C. This explains why evaporation takes 
place more rapidly in warm air than in cold air. 

5. The Temperature of the Liquid. The molecular-motion theory of 
heat also serves to explain why the rate of evaporation is increased by a rise 
in temperature. As has been previously mentioned in the general discussion 
of evaporation, the effect of heat is to increase the rate of vibration of the 
molecules of a liquid, as well as the amplitude of their vibrations. It follows 
that as the temperature is increased, a correspondingly greater proportion 
of the molecules will attain sufficient velocity to overcome the force of cohesion 
of the molecules of the liquid phase and to escape as a vapor. It may be stated 
that the rate of evaporation will be directly proportioned to the temperature 
of the liquid, if all other factors remain constant. This relationship holds true 
only for temperatures below the boiling point of the liquid in question. 

Ebullition. As has been pointed out in the discussion of 
steam baths in Chap. 9, when heat is applied to a liquid a more or 
less uniform increase in temperature occurs until the vapor pressure 
of the liquid just exceeds the atmospheric pressure. At this point 
the temperature remains constant, even with additional heating, and 
bubbles of vapor are observed to arise t hroughout the liquid. This 
means that evaporation is occurring, not only from the surface of the 
liquid, but within the liquid itself. This phenomenon is known as 
ebulliUoriy or boiling. For pure liquids the temperature of boiling is 
a physical constant that is characteristic of the particular liquid 
being tested and serves, not only as a useful means of identification, 
but for the detection of impurities. Since the boiling point of a 
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liquid is a constant value only at constant pressure, barometric 
readings must be taken in order to determine true boiling points. 

The Barometer. The usual method of measuring atmospheric 
pressure is by means of the barometer. This instrument owes its 
origin to the experiments of Torricelli, who, in 1643, devised a 
method for measuring, by making use of a column of mercury, the 
resistance that is offered by nature to a vacuum. If a glass tube 




Fig. 71. Torricellian tube. 


about three ft. in length is closed at one end and completely filled 
with mercury and if then, while the opening is closed with the finger 
in order to prevent the escape of mercury from the tube, the tube is 
inverted and the open end immersed in an open dish of mercury, it 
will be noted that the mercury sinks to a level of approximately 
30 in. (29.92 in.). The weighfof the column of mercury in the tube 
is in equilibrium with the pressure of the atmosphere on the mercury 
contained in the dish below. According to Peiscal’s law concerning 
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the uniform distribution of pressure in a liquid, the pressure of the 
column of mercury at itsHower end must be equal to that on the 
surface of the mercury outside the tube. The column of mercury is 
of known height, 29.92 in. (or approximately 760 mm.). If we 
assume that the area of the column is equivalent to 1 sq. cm., the 
volume of mercury in the column would be 76 cc., which, when mul¬ 
tiplied by 13.6, the specific gravity of mercury, gives a weight of 
approximately 1,034 (irn. This is the atmospheric pressure that is 
exerted on 1 sq. cm. of area. When converted into the English 
system this value is equivalent to approximately 14.7 lb. per sq. in. 

Boiling-point Determinations. The thirteenth revision of the 
Pharmacopoeia describes the physical constant of liquids, com¬ 
monly known as the boiling point, under the title Boiling or Distilling 
Range or Temperature, page 624. In reality many liquids show, 
not a true boiling point, but a range of boiling-point temperatures 
from the minimum to the maximum temperature registered during 
the process of distillation. The minimum boiling point is defined 
by the Pharmacopoeia as “the temperature shown by the thermom¬ 
eter when the first 5 drops of the liquid have been collected from the 
condenser.” The maximum boiling point is said to be “the tem¬ 
perature at which the last liquid evaporates from the bottom of the 
flask (Dry Point) or when the proportion specified in the text has 
been collected.” The text to whicli reference is made in this state¬ 
ment is the official monograph for the liquid in question. 

Two procedures are given in the Pharmacopoeia for the deter¬ 
mination of boiling points. Method I is intended for use with 
liquids for which the permissible range in boiling temperature is 5°C. 
or less. Method II is to be used for liquids for which the permis¬ 
sible range in boiling temperature exceeds 5®C. For detailed infor¬ 
mation on these two methods the official procedures should be con¬ 
sulted. The essential difference in the two methods is in the 
prescribed rate of distillation and the relative propiortion of liquid 
to be distilled in each case. 

The Effect of Barometric Pressure on Boiling Points. As has already 
been Indicated, the boiling point of a given liquid remains constant 
only at constant pressure. For the purpose of comparison a pres¬ 
sure corresponding to 760 mm. is taken as a standard value, and 
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observed boiling points are corrected with reference to this pressure. 
Although atmospheric pressure varies from time to time in a given 
location, the mean value at sea level corresponds to this value. 
Aside from minor fluctuations that occur with changing weather 
conditions in a given locality, relatively greater variation is produced 
with a change in altitude. It has been estimated that a decrease in 
barometric pressure with increase in altitude occurs at the rate of 
1 mm. of pressure for each 11 M. of increase in altitude. This corre¬ 
sponds to approximately 0.1 in. for each 90 ft. of increase in altitude.^ 
Applying this ratio to the altitude corresponding with the summit 
of Pikes Peak, which is 14,109 ft. above sea level, one has the follow¬ 
ing calculation: 

14 109 

—— = 156.76 X 0.1 = 15.67 in. of mercury 

Since the normal atmospheric pressure at sea level corresponds to 
29.92 in. of mercury, 29.92 — 15.67 = 14.25 in. of mercury, which 
would correspond to the mean atmospheric pressure at this eleva¬ 
tion. When converted to the metric system, this is equivalent to 
361.95 mm. of mercury, which is seen to be less than half the normal 
atmospheric pressure at sea level. 

The procedures for Method I and Method II of the Pharmaco¬ 
poeia require that corrections in the observed temperature readings 
shall be made for any variation in the barometric pressure from the 
normal (760 mm.) by allowing 0.1® for each 2.7 mm. of variation, 
adding if the pressure is lower or subtracting if it is higher than 760 
mm. Although the source of this factor is not given by the Pharma¬ 
copoeia, it appears to be derived from the data on the variation in 
boiling points of water at different pressures. A table of such val¬ 
ues^ entitled Boiling Points of Water at Various Pressures shows 
that water boils at 100.00®C. at 760 mm. pressure and at 99.63®C. 
at 750 mm. pressure. Thus a reduction of 10 mm. in pressure corre¬ 
sponds to a depression in the boiling point of 0.37®C. In order to 

‘ N. H. Black. “An Introductory Course in College Physics,** The Mac¬ 
millan Company, New York, 1935, p. 85. 

• N. A. Lange. “Handbook of Chemistry,** Handbook Publishers, Inc., 
Sandusky, Ohio, 2d ed., 1937, p. 1209. 
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find the decrease in pressure necessary to produce a reduction in the 
boiling point of 1*^ one should perform the following calculation: 

^ 3 ^ X 10 = 27.0 mm. 

Hence a decrease of 27 mm. in pressure corresponds to a depression 
in iKiiling point of 1°C., or 2.7 mm. decrease in pressure corresponds 
to 0.1°C. depression in boiling point, which is the relationship used 
in the correction of boiling points in the official method. It should 
be noted that the Pharmacopoeia recommends this correction factor 
for all classes of liquids, despite the fact that its value is based upon 
the behavior of water. It follows that a certain amount of error is 
introduced in applying the correction for water to other liquids, 
since all liquids do not respond in the same way to changes in baro¬ 
metric pressure. This procedure probably is followed because of 
lack of specific information on the influence of barometric pressure 
on the boiling points of other liquids. It should therefore be under¬ 
stood that the correction, when applied to liquids other than water, 
represents only an approximation of the correction due to variation 
in pressure, rather than its true value. 

With an extreme variation in barometric pressure, such as that 
computed for the pressure at Pikes Peak, as compared with the 
pressure at sea level, the decrease in the boiling point of water is 
(‘onsiderable. As indicated in the calculation previously given, the 
barometric pressure at an altitude of 14,109 ft. would normally 
correspond to 14.25 in., or 361.95 mm., of mercury. In order to 
compute the boiling point of water at this pressure one should pro¬ 
ceed as follows: 

760 - 361.95 = 398.05 
X 0.1 = 14.71°C. 

100.00 - 14.74 = 85.26°C. 

Thus, theoretically, water should boil at 85.26°C. at this altitude. 
It should be noted, however, that in these calculations no correction 
has been made for the decrease in atmospheric temperature with 
increase in altitude. Since a decrease in its temperature results in 
an increase in the density of Ihe atmosphere, this would tend to 
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increase slightly the barometric pressure, which, in turn, increases 
the boiling point to a temperature somewhat higher than the value 
shown. Nevertheless the decrease in the boiling point of water that 
occurs explains the difficulty of cooking vegetables at high altitudes 
by boiling. Because of the lower temperature at which the water 
boils, the process must be continued for a relatively longer period of 
time. In such locations the use of the pressure cooker is especially 
advantageous. 

Desiccation, The verb to desiccate is derived from the Latin 
de + siccare, to dry, from siccus, dry. (According to Webster’s 
New International Dictionary, 2d ed., the verb means to dry up; to 
deprive or exhaust of moisture; to preserve by drying, as fish, fruit, 
or eggs.) In its application to pharmacy the term desiccation is 
usually understood to mean the removal of water (in the form of 
sensible moisture) from animal and vegetable drugs, either at room 
temperature or by the use of moderate amounts of heat. In the 
broad sense the term has many applications in domestic economy. 
The drying of freshly laundered clothing when hung out on the 
clothesline and exposed to the air is a typical example of desiccation. 

As used in pharmacy, the process of desiccation is a most impor¬ 
tant step in the preservation of fresh drugs. In its original state 
the fresh material may contain as much as 70 to 80 per cent, by 
weight, of moisture. If the material in its natural state is closely 
packed into containers as it is collected, the high percentage of mois¬ 
ture present permits a number of changes to occur. Certain types 
of fermentation may begin, accompanied by the development of con¬ 
siderable heat. This may result in considerable damage to the 
product as the result of chemical changes that are induced at the 
higher temperature. Furthermore, the presence of the moisture 
makes possible the growth of molds, which render the product unfit 
for medicinal use. If, instead of packing the material in containers 
immediately upon collection, it is scattered out or hung up to dry in 
an attic or loft, gradual evaporation of the moisture occurs and there 
will be no evidence of the growth of molds. The drying of tobacco 
and the curing of freshly cut hay are common examples of this 
process. 

After the material has lost the major portion of its moisture it 
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will be found that it has become friable, or brittle. This greatly 
facilitates the milling, or mechanical subdivision, of the drug. 
Further advantages arise from the reduction in bulk of the material. 
Since as much as four-fifths of the weight is eliminated and since the 
water that is removed has no medicinal value, the dried material is 
much more concentrated. This is a distinct advantage in that the 
individual dose is reduced to a size more convenient tfor administra¬ 
tion. The decrease in weight also brings about a saving in transpor¬ 
tation cost, which is of considerable importance from a commercial 
point of view. 

For most drugs it has been found that a slow process of drying, 
such as that which results when desiccation is carried out at atmos¬ 
pheric temperature, gives the most satisfactory results. If it is 
desirable to hasten the process, this may be done by supplying heat 
artificially. Suitable precautions must be taken to use only moder¬ 
ate heat, for higher temperatures may have a deleterious effect upon 
the chemical constituents that are responsible for the desired thera¬ 
peutic action of the drugs. This is especially true because in the 
presence of moistpre certain natural substances, such as enzymes 
and oxidases, that are widely distributed in the plant kingdom are 
likely to induce more extensive reactions under the stimulus of 
moderate heat. If heat is to be employed, it is frequently applied 
by means of a drying closet, which is usually provided with forced 
circulation of air and equipped with a thermostat for the purpose of 
limiting the temperature. As explained in the discussion of evapo¬ 
ration (page 294), an increase in the temperature of the atmosphere 
results in a corresponding increase in the rate of evaporation. 

It is sometimes necessary to remove the last traces of moisture 
from certain types of nonaqueous liquids, such as volatile oils or 
mixtures of hydrocarbons. This may conveniently be accomplished 
by the use of certain anhydrous salts, which have a strong tendency 
to absorb water. Care must be taken to select a drying agent that 
is insoluble in the liquid to be dehydrated and that does not chem¬ 
ically affect any of the constituents of the liquid. Exsiccated 
sodium sulfate is widely used, especially in the treatment of volatile 
oils. Fused calcium chloride is also useful for this purpose. How¬ 
ever, it must be remembered that this salt has the property of 
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forming addition products with constituents of certain volatile oils, 
and its use with them should be avoided. On the other hand, it is 
widely used in the dehydration of mixtures of hydrocarbons. 

In the isolation of substances from their solutions and their subse¬ 
quent purification, the removal of the last traces of the mother 
liquor is often desired. In some instances, because of the low melt- 
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ing point of the substance or its lack of stability at higher tempera¬ 
tures, the use of heat for this purpose is precluded. In such cases 
the liquid may be removed by placing the substance upon bibulous 
paper, such as filter paper or blotting paper, or upon a porous 
(unglazed) porcelain plate. Because of the porosity of these mate¬ 
rials, the excess liquid is quickly absorbed by capillary action. 

Desiccators, Another way of increasing the rate at which des¬ 
iccation occurs but at the same time maintaining room tem¬ 
perature involves the use of chemical dehydrating agents in special 
containers called desiccators. These are usually circular in shape, 
made of heavy-walled glass, and provided with a lid having a ground 
surface, which, when lubricated with petrolatum or a mixture of 
Ijeeswax and petrolatum, produces an airtight closure. The usual 
style of desiccator is separated into an upper and a lower compart¬ 
ment by a constriction near its center, and a perforated porcelain 
plate rests on the shelf formed by the rec(\ssed portion as a support 
for the containers (crucibles or dishes) for the material to be dried. 
The lower compartment is used for the dehydrating agent. In order 
to avoid abvsorption of moisture from the atmosphere, the desiccator 
should be kept closed at all times except when it is necessary to open 
it in transferring crucibles containing material to be dried. A 
special type of desiccator made of spun aluminum has recently been 
developed. This has the advantage of lighter weight and is not 
subject to breakage. However, a special drying agent, exsiccated 
aluminum oxide (known as Activated Alumina), must be used with 
the aluminum desiccator, since other chemicals used as drying 
agents cause the metal to ('.orrode. 

Among the drying agents that may be used in glass desiccators 
are the following: anhydrous calcium chloride, concentrated sulfuric 
acid, solid potassium hydroxide, solid sodium hydroxide, soda lime, 
unslaked lime, phosphorus pentoxide, and magnesium perchlorate.^ 
Some of these are more widely used than others, partly because of 
their lower cost. They also vary considerably in their efficiency. 
One of the most efficient agents, although seldom used because of its 

^ Manufactured under the copyrighted name of Dehydrite, a trihydra ted 
form of magnesium perchlorate, by the G. Frederick Smith Chemical Co., 
Columbus, Ohio. 
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cost, is phosphorus pentoxide. Concentrated sulfuric acid is 
almost equally efficient but is less desirable because of its physical 
form. Since sulfuric acid is a liquid, great care must be exercised in 
moving the desiccator from place to place to avoid splashing the 
acid onto the containers or even into the material being dried. 
Probably the most widely used agent of all is anhydrous calcium 
chloride. It is much safer to use because it is solid in form, and 
although it is a relatively less efficient agent than sulfuric acid, the 
advantages of low cost and greater safety have led to its widespread 
use. The drying powers that these substances possess arc for the 
most part due to the attraction, or affinity, that they have for 
moisture. In the case of sulfuric acid the absorption is due to the 
characteristic property of this substance of attracting water in order 
to form hydrates containing a higher proportion of water molecules. 
In the case of sodium and potassium hydroxides advantage is taken 
of the natural tendency of these substances to absorb water up to the 
point of deliquescence (when liquefaction due to solution of the 
substance in the absorbed water occurs). The anhydrous calcium 
chloride and the magnesium perchlorate represent completely or 
partly exsiccated salts, which are quite unstable in a moist atmos¬ 
phere and have a strong tendency to absorb more water in order to 
form hydrates containing a higher proportion of water molecules. 
The absorption of water by unslaked lime and phosphorus pentoxide 
involves a chemical reaction in which the water combines with the 
oxides to form hydroxides. 

A widely used desiccator of another type is the vacuum desiccator, 
which differs from the plain desiccator in that provision is made 
for partly exhausting the air within the chamber. In practice 
extremely low pressures arc avoided because of the danger of 
collapsing the desiccator. The theoretical explanation of the 
advantage of reduced pressure as an aid in the drying process is 
based on the principle previously mentioned in the discussion of 
evaporation (page 300), in which it was pointed out that the rate 
of evaporation is inversely proportional to the pressure on the 
liquid. If desired, the use of partial vacuum or reduced pressure 
may be combined with the drying action of dehydrating chemicals 
in the same desiccator, provided that the necessary care is exercised 
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ill relieving the vacuum before opening the desiccator, in order to 
avoid disturbing the drying agent by the gusts produced by a sudden 
influx of air, which might result in accidental contamination of the 
material being dried. 

Determination of Moisture in Vegetable and Animal Drugs. 
Official methods for the determination of moisture in animal and 
vegetable drugs are described in a series of monographs in the 
thirteenth revision of the Pharmacopoeia, pages 711 to 713. For 
drugs containing no constituents volatile at 100°C., a representa¬ 
tive sample, suitably prepared and weighing about 10 Gm., is 
dried at a temperature of 100°C. for 5 hr. and weighed. The drying 
is continued, with weighings at 1-hr. intervals, until the loss in 
weight during a given hour’s heating does not exceed 0.25 per cent of 
the original weight. 

A special procedure is described for drugs containing ether- 
soluble constituents volatile at 100®C. The loss in weight that 
occurs when the drug is subjected to the drying process outlined 
for drugs containing no constituents volatile at 100®C. is first 
obtained. A determination of the volatile ether-soluble extractive 
is then made on another sample by the following procedure: The 
sample is dried over sulfuric acid for not less than 12 hr. and then 
subjected to extraction with absolute ether in a continuous-extrac¬ 
tion apparatus for a period of 20 hr. The resulting ethereal solution 
is then permitted to evaporate spontaneously, dried over sulfuric 
acid for 18 hr., and weighed. The extract is gradually heated to 
110°C., and the heating is continued until the weight is constant. 
The loss in weight of the extract represents its volatile portion. The 
percentage of volatile ether-soluble extractive is then subtracted 
from the percentage loss in weight upon drying at 100®C., in order to 
obtain the percentage of moisture in the sample. 

A third method of general application in the determination of 
moisture in vegetable and animal drugs is described in the Pharma¬ 
copoeia under the heading Moisture Method by Toluene Distilla¬ 
tion. The procedure requires the use of a moisture-determination 
tube especially designed for the purpose and consists in a volumetric 
determination of the water distilled from the drug in the presence of 
toluene vapor. This particular hydrocarbon is well adapted to this 
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use because it is practically immiscible with water, it has a boiling 
point above that of water (110.8°C.), and its specific gravity (0.866) 
is less than that of water. When toluene is placed on the drug and 
distilled, the moisture contained in the drug is also vaporized and 
entrapped as it condenses in the graduated portion of the tube 
beneath a layer of toluene. The size of the sample of drug is so 



Stark and Dean distilling trap Bidwell and Sterling distilling trap 

Fig. 73. Moisture determination tubes. 

adjusted that the volume of water obtained will fall within the 
limits of the capacity of the tube. The contents of the tube are 
permitted to cool to room temperature before final readings are 
made. The maximum capacity of the tubes may vary from 5 to 10 
cc., with subdivisions of 0.1 cc. 

Exsiccation. This noun is derived from the verb to exsiccate, 
which in turn is derived from ex, out, and siccare, to dry. (Accord¬ 
ing to Webster’s New International Dictionary, 2d ed., the verb 
means to exhaust or evaporate moisture from; to dry up.) A 
comparison of the derivation of this term with that given for 
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desiccation shows little, if any, difference in meaning; according to 
the dictionary, the two terms could be considered synonymous. In 
their pharmaceutical applications, however, the terms have separate 
and distinct meanings that are well understood by pharmacists, 
despite the similarity in their etymology. Although exsiccation 
may accomplish the same object as that described under Desicca¬ 
tion, the process is more extensive and implies the complete removal 
of all water, including water of hydration, or crystallization, from 
crystalline salts, ordinarily by the use of higher temperatures than 
those employed for desiccation. Thus the essential difference 
between the two terms is that desiccation is limited to the removal 
of water in the form of sensible moisture, while exsiccation includes 
the removal of water of hydration from crystalline salts. 

Water of Hydration. Many chemical compounds, upon separa¬ 
tion from their saturated aqueous solutions in crystalline form, 
('ombinc with water in a definite proportion. In the earlier text¬ 
books on chemistry the water that combined in this way was known 
as water of crystallization. However, many other compounds, both 
inorganic and organic, do not combine with water to form crystalline 
structures, indicating that the water is not always essential to 
crystal formation. Accordingly, the older term water of crystalliza¬ 
tion is gradually being replaced by ivater of hydration. 

A common example of a salt that crystallizes from water with 
water of hydration is copper sulfate. In its crystalline condition 
this compound is blue in color, and it produces a blue solution when 
dissolved in water. If the crystalline salt is heated it gradually 
gives up its water of hydration and is converted into a white 
substance. If the loss in weight is determined it will be found that 
five molecules of water are liberated from each molecule of the 
crystalline substance. Hence the formula for the blue crystalline 
salt is written as CuS 04 - 5 H 20 . It is written in this way rather than 
as CUSO 9 H 10 to indicate that, while it represents a chemical com¬ 
pound formed in accordance with the rules of definite proportions, 
the water of hydration is not firmly united as are other components 
of chemical compounds and may readily be removed upon the 
application of heat. It is possible to think of such combinations as 
rather unstable complex compounds, or molecular associations in 
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definite proportion, rather than as stable chemical entities. The 
ordinary theories for valence will not account for the reaction 
between the anhydrous substance and the water of hydration, 
and the exact method of formation of such hydrates is not fully 
understood. 

Although we speak of the combined water as water of hydration, 
it should be understood that it does not exhibit the usual properties 
of water when combined as a hydrate, e.g., crystalline copper sulfate 
may be reduced to an impalpable powder without showing the 
slightest trace of moisture. It is only when heat is applied and the 
water of hydration is liberated from the anhydrous compound that 
it may be detected either as water or water vapor. 

As already indicated, many substances readily form hydrates 
when crystallized from aqueous solutions, while others do not. 
There seems to be little uniformity in this tendency. Combinations 
of this type are more common among the inorganic salts than among 
the organic substances. Wide differences are also noted in the 
stability of those hydrates which are formed. It is believed that 
the hydrates possess definite aqueous tensions at definite tempera¬ 
tures and that the hydrate decomposes and the anhydrous substance 
fails to combine with water when the pressure of the water vapor in 
the surrounding atmosphere is greater than the aqueous tension of 
the hydrate. A hydrate that tends to lose its water of hydration at 
ordinary conditions of temperature and moisture content of the air 
is said to be efflorescent. On the other hand, many crystalline salts 
have so great an attraction for moisture that they may absorb a 
sufficient quantity from the atmosphere (especially when the 
humidity is high) to become liquefied by dissolving in the absorbed 
moisture. Such salts are said to be deliquescent. Some common 
examples of deliquescent compounds are the following: aluminum 
chloride; calcium bromide; calcium chloride; lithium bromide; 
lithium citrate; potassium acetate; potassium hydroxide; sodium 
hydroxide; trichloracetic acid; zinc chloride. The following are 
examples of efflorescent salts: copper sulfate; ferrous sulfate; lead 
acetate; magnesium sulfate; sodium acetate; sodium borate; sodium 
carbonate; sodium phosphate; sodium sulfate; zinc acetate; zinc 
sulfate. 
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In its application to pharmacy the process of exsiccation is of 
value in only a limited number of cases. Since the process results 
in a decrease in the bulk of the product, it is sometimes used 
advantageously for those compounds which are to be administered 
in individual dosage forms, such as pills, capsules, and compressed 
tablets, in order to keep the bulk of the pill, capsule, or tablet at the 
minimum for greater ease of administration. More frequently the 
process is carried out upon those compounds which are to enter into 
granulation mixtures, intended for compressed tablets or granular 
effervescent salts, for the purpose of avoiding the difficulties due to 
chemical or physical reactions that would otherwise follow as the 
water of hydration is liberated when the granulation mixture is 
subsequently heated and used where salts have indefinite amounts 
of water of hydration. Only three exsiccated compounds are 
recognized in the thirteenth revision of the Pharmacopoeia, viz., 
Exsiccated Alum, Exsiccated Sodium Phosphate, and Exsiccated 
Sodium Sulfite, while the National Formulary VIII lists Exsiccated 
Sodium Arsenate only. 

Torrefaction. According: to Webster’s New International Dictionary, 
2d ed., this word is derived from the verb torrefy, French torr4fier, from the 
Latin lorrefacere, from torrere, to parch, and facere, to make. It means to 
subject to heat, to dry or roast by fire, to parch, to scorch. A special defini¬ 
tion for the term as used in pharmacy is also given as follows: to dry or parch, 
as drugs, on a metallic plate till they are friable or are reduced to the state 
desired. Although the pharmaceutical application of this process has become 
obsolete, it is still widely used in the progressing of numerous food product-s. 
It involves the moderate heating of organic material for the purpose of modify¬ 
ing or developing the taste, aroma, odor, and color of these products. The 
changes that occur are mild in nature, being limited in their extent by the 
relatively low temperatures employed. A familiar application of this process 
is found in the roasting of coffee. As harvested, the coffee bean has an entirely 
different color and odor from those of the roasted product. The rich brown 
color and the characteristic odor and flavor result from the effect of heat on 
certain constituents tliat are naturally present. In a similar manner the 
development of the characteristic chocolate flavor is dependent on the roasting 
of the theobroma seeds from which this product is derived. The roasting of 
peanuts is another familiar example of torrefaction. 

Although no longer in use, a product known as torrefied rhubarb was formerly 
widely employed in pharmacy. Rhubarb is one of a number of drugs containing 
a principle known as emodin, which is valued because of its cathartic action. 
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It also contains considerable amounts of tannins, which are astringent in char¬ 
acter and which act as an antidysenteric, an action almost directly antagonisti(i 
to the cathartic action of emodin. It has long been known that if rhubarb is 
subjected to mild heating, or torrefaction, the emodin is destroyed and rendered 
physiologically inert, while the tannins are apparently unchanged. Accord¬ 
ingly torrefied rhubarb was used an as antidysenteric until replaced by other 
tannin-bearing drugs that are devoid of emodin and require no special treat¬ 
ment prior to use. 

Carbonization. This term is used to describe a process in 
which organic matter is heated to a relatively high temperature 
without access to air. The procedure followed in the manufacture 
of charcoal serves as an example of this process. Although the 
modern method requires the use of kilns, originally the process was 
carried out in deep pits dug in the ground. Wood was placed in the 
pits and ignited; then earth was shoveled over the burning wood in 
sufficient quantity to smother the flame, and the wood was allowed 
to smolder until the fire was extinguished. I nder these conditions 
incomplete combustion occurred because of the lack of oxygen, the 
hydrogen and oxygen originally contained in the wood combining to 
form water vapor or intermediate products of decomposition, while 
most of the carbon remained as a residue. If the same operation 
were carried out with free access to air, complete combustion, or 
incineration, would occur and the wood would be reduced to ash. 
Almost any organic substance, when heated in a closed space to a 
sufficiently high temperature, will undergo carbonization. 

There is a close relationship between carbonization and destructive 
distillation, which is discussed in Chap. 11. If the vapors given ofl‘ 
during carbonization are collected and condensed, a mixture of 
substances is obtained that represents products of less complex 
nature than the natural constituents from which they are formed. 
In the destructive distillation of wood, such products as acetone, 
methyl alcohol, acetic acid, creosote, and tar are secured. By the 
same process coal yields illuminating gas, ammonia, and coal tar, 
from which phenol, cresol, benzene, toluene, xylene, and many other 
substances may be obtained. 

The product occurring as a result of carbonization is an extremely 
useful substance, not only in pharmacy, but in many branches of 
industry. Because of its porosity it possesses remarkable adsorp- 
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live powers, serves as a decolorizing agent and a deodorant, and is 
widely used in the purification of organic substances in organic 
synthesis or in the isolation of such products from natural sources. 
Although wood charcoal is no longer official in the Pharmacopoeia, 
the variety most widely used in the past was that derived from 
willow wood. Charcoal may be prepared from many other sources. 
Animal charcoal is recognized in the National Formulary VIII, 
under the title Purified Animal Charcoal, and is defined as charcoal 
prepared from bone and purified by removing the substances that 
are dissolved by hot hydrochloric acid and water. 

A product that has come into wide use within recent years is 
recognized in the Pharmacopoeia as Activated Charcoal (Carbo 
Activatus) and is available under a number of copyrighted name^, 
such as Darco and Norite. The pharmacopoeial definition of this 
substance reads as follows: “The residue from the destructive dis¬ 
tillation of various organic materials, treated to increase its adsorp¬ 
tive power.” In practice much of the commercial activated char¬ 
coal is obtained by the incomplete combustion of crude petroleum 
oil by means of spec ial burners designed for this purpose. After the 
carbon has been deposited in the form of fine soot, it is subjected 
to special treatment in order to increase its adsorptive powers. 
Although the technical processes may vary with different sources 
of carbon, one variety of treatment involves the exposure of the 
material to superheated steam at relatively high temperatures or 
heating in the presence of some inert gas. As a result of such treat¬ 
ment the adsorptive powers are increased to eight or ten times that 
of ordinary wood charcoal. The relative adsorptive powers may be 
tested by determining the minimum amounts of the two varieties of 
charcoal required to decolorize completely test solutions containing 
a dye. A special test involving the use of methylene blue (methyl- 
thionine chloride) is outlined in the Pharmacopoeia. 

Activated charcoal is extremely useful in removing undesirable 
color from solutions and liquid preparations; but it must be remem¬ 
bered that not only is the offending color removed, but other dis¬ 
solved substances in the solution are likely to be adsorbed from the 
solution at the same time. Although the remarkable powers of 
adsorption that are developed by the activation of charcoal are not 
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fully understood, it is believed that the process of adsorption 
involves condensation of the adsorbed substance on the surface of 
the charcoal and that the increased capacity for such surface con¬ 
densation is the result of an increase in the exposed surface of the 
activated charcoal. Since wood charcoal (carbo ligni) is no longer 
official, the Pharmacopoeia states that when this is prescribed, 
Activated Charcoal may be dispensed. 

Calcination. This term is derived from the verb lo calcine from 
the French calciner, Latin calx, and means to reduce to a powder, or 
to a friable state, by the action of heat ; to heat so as to expel volatile 
matter, as carbon dioxide from limestone, and thus disintegrate; as, 
to calcine bones. In its pharmaceutical application the term cal- 
cinaiion means the separation of volatile from nonvolatile matter by 
the application of heat without fusion. The process is usually 
applied to inorganic matter and requires relatively high tempera¬ 
tures. Its principal use in pharmacy is in the expulsion of carbon 
dioxide from carbonates, leaving the oxide as a residue. 

As already indicated, the word is from the Latin calx, lime (cal¬ 
cium oxide). Calcination is, therefore, literally the manufacture 
of lime. Although it may be applied to other substances, it is usu¬ 
ally employed only in the treatment of limestone to produce lime or 
magnesium carbonate to form magnesium oxide. 

Ignition and Incineration. The term ignilion is derived from 
the verb to ignite, from the Latin igniius, past participle of ignire, to 
ignite, from ignis, fire. According to Webster’s New International 
Dictionary, 2d ed., this verb means to subject to the action of fire or 
intense heat; to heat strongly; to render luminous by heat; as, to 
ignite iron or platinum; also, to kindle, to set on fire; as, to ignite 
paper or wood. 

This definition is not entirely precise, but the term ignilion is used 
by pharmacists to indicate the strong heating of inorganic material 
or matter that consists principally of inorganic substances and refers 
to a process of considerable importance in gravimetric analysis. 
Pharmacists attempt to distinguish between ignition, which involves 
the action of heat upon incombustible substances, and incineration, 
which represents the action of strong heat on combustible matter, 
usually of organic origin. If, for example, in the determination of 
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the sulfate radical in a gravimetric analysis an excess of barium chlo¬ 
ride test solution is added to the solution of the sulfate, a precipitate 
of barium sulfate will be formed. The barium sulfate that is pro¬ 
duced is then collected on a filter, washed to remove soluble impuri¬ 
ties, dried, and ignited. The object of igniting the barium sulfate, 
which is incombustible, is to remove the last traces of volatile 
impurities that might be present. 

If, on the other hand, a sample of a vegetable drug, such as bella¬ 
donna leaf, is carefully weighed and subjected to strong heat with 
free access to air, almost complete combustion will occur and, if the 
sample conforms to the pharmacopoeial requirement, the weight of 
the residue, known as ash, will not exceed 3 per cent of the original 
weight of the sample. This residue consists entirely of nonvolatile 
inorganic compounds, such as the carbonates and oxides of calcium, 
magnesium, iron, sodium, and potassium, which were originally pres¬ 
ent in the leaf. All organic matter has been completely destroyed 
and driven off. The procedure just described is an example of 
incineration rather than ignition. The ><^ord is derived from the 
medieval Latin incineraius, the past participle of incinerare, to 
incinerate, from in + cinis, cineris, ashes, and means to burn to 
ashes, to consume or be consumed by fire. 

Deflagration. This term is derived from the Latin dcflagralim, past partici¬ 
ple of dejlagrare, from de -f flagrarCy to flame, burn. When the term is used 
with reference to its chemical and pharmaceutical applications it usually means 
the proc,es8 of strong heating, accompanied by minute explosions such as would 
occur when mixtures of charcoal and potasvsium nitrate are heated to high 
temperatures. The decomposition that takes place is often accompanied by 
repeated crackling sounds and the substance being heated has a tendency to fly 
from the crucible because of the explosive violence of the reaction. As a rule 
those inorganic substances which are rich in oxygen, such as the niti.'tes and 
chlorates, exhibit this behavior. As the salt reaches the temperature at which 
it decomposes, minute pocketa of oxygen are produced within the mass of the 
individual crystals, which exert suflicient pressure to cause them to be split 
asunder. This process is essentially the same as that of ignition, except for 
the violent decomposition of the substance being heated. 

Deflagration should not be confused with decrepitation. This term is used 
to describe the behavior of certain salts containing interstitial water upon 
being heated. Certain compounds, of which sodium chloride is a typical 
example, separate from their saturated solutions without combining with 
water of hydration. However, as the crystals form, apparently minute quanti- 
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ties of the saturated solution are enclosed mechanically within the mass of the 
crystal. The liquid thus held is spoken of as interstitial water. If such a 
substance is heated, the water is changed to water vapor, which, because of the 
increased pressure, causes the crystals to rupture with a characteristic crackling 
sound closely resembling the efft'ct produced during deflagration. 

Refrigeration. The process of cooling substances to tempera¬ 
tures below that of their surroundings by artificial means is known 
as refrigeration. Originally natural ice served as the most impor¬ 
tant source of refrigeration, but the advantages of cooling produced 
by mechanical means have led to the development of mechanical 
refrigeration on a wide scale. The chief advantages of mechanical 
refrigeration over that produced by natural ice are that more accu¬ 
rate regulation of the temperature may be obtained, lower tempera¬ 
tures may be reached, and the desired cooling effect is obtained at a 
lower cost. The development of mechanic'al refrigeration has had a 
tremendous influence upon the food industry, one aspect of which 
has been the creation of a new field of activity in the transportation 
and distribution of peri^iable foods in the frozen stale. (Uosely 
related to this development has been the popular acceptance of 
mechanical refrigeration for domestic use, which has been of great 
significance as a health measure, not only because more eflicient 
refrigeration serves as an added safeguard against food spoilage, but 
because it has induced changes in dietary habits by permitting a 
higher proportion of the more perishable foods, which often are of 
great importance because of their vitamin content, to be widely dis¬ 
tributed and used. Another outstanding developmc^nt that adds 
greatly to the comfort of man is the application of refrigeration to 
the cooling, or so-called “air conditioning,” of private and public 
buildings. 

At the present stage of development the refrigerating units 
for domestic use may be classified according to two types, usually 
spoken of as electric and gas refrigerators. Electric refrigeration 
depends upon the compression of a gas by a pump, or compressor, 
driven by an electric motor. Under the increased pressure the 
gas liquefies and is then released by an expansion valve and allowed 
to vaporize in a cooling chamber. As the liquid vaporizes, heat of 
evaporation is absorbed from the surroundings, thus serving as a 
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means of cooling the refrigerator. The expanded gas leaves the 
cooling chamber as a low-pressure vapor and is drawn into the 
compressor on the downstroke of the piston and expelled on the 
upstroke as a superheated high-pressure vapor into the condenser, 
which is usually provided with air circulation by means of a motor- 
driven fan, where the heat is discharged and the refrigerant again 
becomes liriuid. It is again forced through the expansion valve into 
the cooling chamber, where the cycle is repeated. Among the 
liquids whose physical properties suit them for use as refrigerants 
are ammonia (NH3), carbon dioxide (CO2), ethyl chloride (C2H5CI), 
methyl chloride (CII3CI), sulfur dioxide (SO2), and a series of 
chlorine and fluorine substitution products of methane or ethane 
known by the following trade names: Freon (CCI2F2), F-11 (CCI3F), 
F-21 (CHCI2F), and F-114 (C2CI2F4). 

The so-called “gas refrigerator” operates upon a different 
principle. It depends upon the use of high temperatures, with¬ 
out the necessity of the intermediate step of converting heat 
into mechanical work. This type of refrigerator is known as an 
absorption machine and depends upon the heat from a gas flame 
for its source of energy, no moving parts being involved. Two 
substances are used that have an affinity for each other, causing 
them to unite, or dissolve in one another, at low temperatures; 
they may be separated by applying heat. As heat is applied, 
one of the substances is driven off as a vapor, which is condensed 
and allowed to reevaporate, being absorbed by the other substance 
as it does so. During the evaporation of the substance, heat is 
absorbed from the surroundings, thus becoming effective for 
refrigeration. 

Two kinds of absorption system are used. One of th« se uses 
water vapor, which is absorbed by sulfuric acid, while the other 
depends upon ammonia, which is absorbed by water. Where 
water vapor is used with sulfuric acid, the pressure at which the 
vapor is formed must be very low; hence machines using this 
system are spoken of as vacuum machines. Ammonia has a much 
higher vapor pressure than water; hence the system using ammonia 
and water may be operated at pressures above atmospheric through¬ 
out the complete cycle. 
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Although the basic principle of the gas refrigerator is outlined in the preced¬ 
ing paragraphs, the details involved in the adaptation of this principle to the 
self-contained gas refrigerating unit are not quite so simple as the statement 
of the basic principle would seem to indicate. The modern gas refrigerator 
utilizes at various steps in the cycle the following substances: liquid ammonia, 
ammonia gas, hydrogen gas, a mixture of hydrogen and ammonia gas, a strong 
aqueous ammonia solution, a weak aqueous ammonia solution, methyl chloride. 

Ajnmonia gas is driven from its aqueous solution in the generator by heat 
from a gas flame into what is called the analyzer, where a part of the remaining 
water vapor is condensed, and from there to a rectifier, where the remainder 
of the water vapor is condensed. From this point the ammonia vapor is forced 
into the first of two ammonia condensers, where it liquefies before passing into 
the freezing coil, or evaporator, in which the ammonia, in the presence of 
hydrogen gas, evaporates, taking up heat from the surroundings. The mixture 
of hydrogen and ammonia gas then flows through the gas heat exchanger to 
the absorber, where the ammonia is absorbed by the water and the hydrogen 
returns through the gas heat exchanger. In the latter an exchange of heat 
occurs, warming the ammonia-hydrogen mixture and cooling the returning 
hydrogen. The ammonia absorbed in the water returns through the liquid heat 
exchanger (where it cools the incoming weak aqueous solution) to the analyzer 
and the generator. The heat liberated in the absorber is carried away by 
vaporization of methyl chloride in a coil surrounding the absorber, the vapor 
returning to the coil after liquefaction in a condenser. The methyl chloride is 
contained in a closed system, which is separate from the other gases or liquids. 
Most refrigerators of this type depend upon air cooling, although water cooling 
has also been used to a limited extent. 

It goes without saying that adequate means of refrigeration must 
be available to the pharmacist. This becomes apparent when one 
considers the number of products for which low-temperature 
storage is essential to the preservation of therapeutic activity. 
Among those products which are sensitive even to moderate 
temperatures are the biological preparations such as the antitoxins, 
bacterial vaccines, blood plasma, toxoids, tuberculins, vaccines, 
antibiotic preparations, and many glandular products, including 
liver extract and insulin. Because of their lack of stability at 
higher temperatures, certain chemical compounds, notably the 
organic arsenic combinations such as arsphenamine, neoarsphena- 
mine, sulfarsphenamine, and tryparsamide, must be stored at 
reduced temperatures. The importance of refrigeration for the 
biological products cannot be overestimated. Although this applies 
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to almost all types of biological product, it is especially true of 
smallpox and yellow fever vaccines, which are said to lose their 
immunizing powers within a few days if stored at temperatures 
exceeding 5°C. 

Some specific directions were given concerning the temperature of 
storage in the eleventh revision of the Pharmacopoeia, and this list 
was extended in the twelfth revision and still further increased in the 
thirteenth revision. In addition to 12 definite classifications for 
which specific temperature limitations are given in the directions for 
storage, 5 other classifications are found for which limitation of heat 
is expressed in words, as follows: “not permitted to freeze,” “in a 
cool place,” “in a cold place,” “avoid exposure to excessive heat,” 
“protected from heat and light.” 

In the section entitled General Notices, under the subheading 
Temperatures on page 5 of the Pharmacopoeia XIII, the following 
statements are given: 

A cold place shall be a place having a temperature not exceeding 15® 
(59®F.). 

When the terms excessive heat or exoevssive temperatures are used, 
a temperature which exceeds 49® (120®F.) is indicated. 

When a refrigerator is specified, a temperature between 2® and 15° 
(36° and 59°F.) is indicated. 

The temperature of 25®C. is adopted by the thirteenth revision of 
the Pharmacopoeia as standard room temperature, according to the 
statement on temperatures found in the General Notices, page 8, 
which follows: “Unless otherwise specified, all temperatures in this 
Pharmacopoeia are expressed in centigrade degrees. All measure¬ 
ments are made at 25® unless otherwise specified.” An identical 
statement appears on page 10 of the eighth edition of the National 
Formulary. These general statements justify the omission of the 
abbreviation C. (for centigrade) in connection with all references to 
temperatures in the texts of these compendiums, an innovation 
introduced in the current revisions of these official standards. 

Tabulations of the drugs, chemicals, and preparations for which 
specific directions concerning the temperatures of storage are 
included in the official monographs follow: 
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DIRECTIONS OF THE PHARMACOPOEIA XIII REFERRING TO 
TEMPERATURES OF STORAGE 

Temperature of or under — 15°C. 

Gitrated Normal Human Plasma (Frozen) 


Above 0° but Not Exceeding 12°C. 
Ergonovine Maleate Injection 


Above 0° but Not Exceeding Avoiding Freezing 

Insulin Injection Protamine Zinc-Insulin Injection 

Preferably below 0° and Never above S°C. 

Smallpox Vaccine Yellow Fever Vaccine 


Between 2 and 10°C., Preferably at the Lower Limit 


Alum Precipitated Diphtheria and 
Tetanus Toxoids 

Alum Precipitated Diphtheria Toxoid 
Alum Precipitated Tetanus Toxoid 
Bivalent Gas Gangrene Antitoxin 
Cholera Vaccine 
Diagnostic Diphtheria Toxin 
Diphtheria and Tetanus Toxoids 
Diphtheria Antitoxin 
Diphtheria Toxoid 
Epidemic Typhus Vaccine 
Human Immune (ilolnilin 
Normal Human Serum (Idquid) 

Old Tuberculin 


Pent a valent Gas Gangrene Antitoxin 
Plague Vaccine 

Purified Protein Derivative of TuIht- 
culin 

Rabies Vaccine 

Scarlet Fever Streptococcus Antitoxin 
Scarlet Fever Strej)t(KTx*(nis Toxin 
Tetanus and Gas Gangrene Antitoxins 
Tetanus Antitoxin 
Tetanus Toxoid 

Trivalent Gas (iangrene Antitoxin 
Typhoid and Paratyphoid Vaccine 
Typhoid Vaccine 


Not above 15°C. 


Penicillin Calcium Penicillin Sodium 

Penicillin Dental Cones Penicillin Tablets 

Penicillin Injection in Oil and Wax Penicillin Troches 
Penicillin Ointment 


Between 15 and 30°G. 
Gitrated Normal Human Plasma (Liquid) 

Not above 20°G. 

Liver Extract Liver Solution 

Liver Injection Tryparsamide 
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Not above 25°C. 


Aromatic Rhubarb Syrup 
Arsphenamine (in a cool plac^^) 
Citric Acid Syrup 
Dichlorophenarsine H ydrocbloride 
Ether 

Ethyl Oxide 
Glycerin Suppositories 
Glycyrrhiza Syrup 
Hydriodic Acid Syrup 
I|)e<^ac Syrup 
N(H)arsphenariune 


Orange Flower Syrup 
Orange Syrup 

Oxophenarsine Hydro<'hloride 
Senna Syrup 

Sodium Hypochlorite Solution 
Strong Ammonia Solution 
Sulfa rsphenamine 
Syrup 

Tolu Balsam Syrup 
Wild Cherry Syrup 


Not 

Formaldehyde Solution 

Not 

Adhesive Plaster 
Ammonium Carbonate 
Aromatic Ammonia Spirit 
Belladonna Extract 
Benzoinated Lard 
Cascara Sagrada Extract 
Chloroform 
Chloroform Liniment 
Collodion 

Diluted Ammonia Solution 
Diluted Hydriodic Acid 
Flexible Collodion 
Hydrous Wool Fat 

Not 

Hydrogen Peroxide Solution 
Magnesia Magma 


BELOW 25 °C. 

AIU)VE 30®C. 

Lard 

Menthol 

Pancreatin 

Paraldehyde 

Petroleum Benzin 

Posterior Pituit€u:y 

Sodium Perborate 

Sodium Sulfate 

Sterile Adhesive Piaster 

Stramonium Extract 

Trichloroacetic Acid 

Urethane 

Wool Fat 

ABOVE 35°C. 

Strong Iodine Sidution 
Tetrachloroethylene Capsuh ^ 


Not pERMiT'rED to Freeze 

Aluminum Hydroxide Gel Magnesia Magma 

Insulin Injection Protamine Zinc-Insulin Inje<;tion 

In A Cool Place '.Not Defined) 

Arsphenamine (preferably not above Liver with Stomach 

25°C.) Powdered Stomach 

Cinnamon 
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In a Cold Place (Temperature Not Exceeding 15°C.) 

Chloroazodin Magnesium Citrate Solution 

Ephedrine Synthetic Oleovitamin D 

Avoid Exposure to Excessive Heat (Temperature Exceeding 49"C.) 


Anise Oil 

Corn Oil 

Aromatic Cascara Sagrada Fluidex- 

Digitalis Tincture 

tract 

Ginger Fluidextract 

Aromatic Rhubarb Tincture 

Glycyrrhiza Fluidextract 

Belladonna Tincture 

Hyoscyamiis Tincture 

Benzoin Tincture 

Ipecac Fluidextract 

Benzyl Benzoate 

Juniper Tar 

Bitter Orange Peel Tincture 

I^emon Oil 

Camphor 

Lemon Tincture 

Camphorated Opium Tincture 

Myrrh Tincture 

Cascara Sagrada Fluidextract 

Normal Human Serum (Dried) 

Castor Oil 

Oleovitamin A and D 

Cedar Leaf Oil 

Opium Tincture 

Cholesterol 

Orange Oil 

Cinnamon Oil 

Peanut Oil 

Citrated Normal Human Plasma 

Peruvian Balsam 

(Dried) 

Rosemary Oil 

Clove 

Sarsaparilla Fluidextract 

Clove Oil 

Senna Fluidextract 

Compound Benzoin Tincture 

Stramonium Tincture 

Compound Cardamen Tincture 

Suramin Sodium 

Compound Gentian Tincture 

Sweet Orange Peel Tincture 

Compound lavender Tincture 

Tolu Balsam Tincture 


Coriander Oil 

Protected from Heat and Light 

Ergotamine Tartrate 

DIRECTIONS OF THE NATIONAL FORMULARY VIII REFERRING 
TO TEMPERATURES OF STORAGE 

Between 2 and 10°G., Preferably at the Lower Limit 

Antimeningococcic Serum Human Measles Immune Serum 

Antipneumococcic Serum—Type Human Scarlet Fever Immune Serum 

Specific 

Avoid Temperatures below 20°C. 


Boric Acid Solution 
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In a Moderately Warm Place (Not under 22 ° C .) 
Ferric Subsulfate Solution Sodium Phosphate Solution 

Not above 25°C. 

Pine Tar Syrup Strong Iodine Tincture 


Not above 30“C. 


Belladonna Plaster Hydrastis Extract 

Benzoic and Salicylic Acid Ointment Hyoscyamus Extract 

Colocynth Extract Leptandra Extract 

Compound Colocynth Extract Nux Vomica Extract 

Digitalis Extract Opium Extract 

Ergot Extract Rhubarb Extract 

Gentian Extract Stainless Iodized Ointment 

Glyceryl Trinitrate Spirit 


Avoid Prolonged Exposure to Temperatures above 30°C. 


Alkaline Sulfur Ointment 
Calamine Ointment 
Camphor Ointment 
Capsicum Ointment 
Comf)ound Menthol Ointment 
Compound Resorcinol Ointment 
Compound Sulfur Ointment 
Compound Tar Ointment 
Ichthammol Ointment 


Iodine Ointment 

Mercuric Nitrate Ointment 

Mild Mercurous Chloride Ointment 

N.F. Sun Cream 

Neo(‘alamine Ointment 

Nutgall Ointment 

Red Mercuric Oxide Ointment 

Scarlet Red Ointment 

Stramonium Ointment 


Not above 35®C. 

Carbon Tetrachloride Capsules Iodine Solution 

Castor Oil Capsules Phenyl Salicylate 

Cerate Phenyl Salicylate Tablets 

Chenopodium Oil Capsules 

Below 40°C. 

Cantharides Cerate Lead Subacetate Cerate 

Compound Rosin Cerate 

Avoid Prolonged Exposure to Temperatures above 40°C. 
Lead Oleate Ointment Paraflin 

In a Cool Place (Not Defined) 

Prepared Ergot 
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In a Cold Placl (Nor EbccEKDiNo 15°C.) 
Ethyl Nitrite Spirit Prepared Suet 

Avoid Excessive IIkat (Exceeding 49°C ) 


Acacia Syrup 
Acetic larkspur Tinchire 
Ac'Diiite FIuide\tract 
Aconite Tincture 
Aloe Tincture 
Althea Syrup 

Aminoniated Cniaiac Tincture 

Ammonia led Valerian Tincture 

Ammonium Salicylate 

Anterior Pituitary 

Arnica Fhiidextract 

Arnica Tincture 

Aromatic Eriodictyon Syrup 

Arsenic Triiodide 

Asafetida Tincture 

Belladonna lA^af Huidextract 

Belladonna Root Fluidextract 

Bitter Almond Oil 

Bromides Syrup 

Buchu Fluidextract 

Cacao Syrup 

Cantharides Tincture 

Capsicum Tincture 

Chenopodium Oil 

Cherry Juice 

Cherry Syrup 

Cimicifuga Fluidextract 

Cinnanialdehyde 

Cinnamon Syrup 

Cinnamon Tincture 

Colchicum Corm Fluidextrac't 

Colchicum Seed Fluidextract 

Colchicum Seed Tincture 

Compound Cinchona Tincture 

Compound Cudbear Tincture 

Compound Ephedrine Spray 

Compound Cumber Tincture 

Compound Hypophosphitea Syrup 

Compound Pepsin Elixir 

Compound Squill Syrup 


Com[)ound White Pine Syrup 

Corpus Luteiim 

Creosote 

Cudiiear Tincture 
Diluted Nil rollydrcK’hloric Acid 
Diluted Sodium llypixdilorile Solu¬ 
tion 

Ephedrine Spray 
Ephedrine Sulfate Syrup 
Ergot Fluidextract 
Eriodictyon Fluidextract 
Ethyl Acetate 
Ferric Chloride Tincture 
Ferric Cilrochloride Tini'ture 
Celseniium Fhiidextrac I 
Celsemium Tincture 
(ientian Fluidc'xtract 
Ginger Syi up 
Grindelia Fluidextract 
Hamamelis l^af Fluidextract 
Ilainanielis Water 
Hydrastis Tincture 
Hydroscyamus Fluidextract 
Hypophosphites Syrup 
Iodides Tinc'ture 
Iodoform 

Ifiecac and Opium Syrup 
Ipecac and Opium Tincture 
IjKH*ac Tincture 
Juniper Oil 
I^irkspur Tincture 

Licfuid Petrolatum Emulsion with 
Phenolphthalein 
Ijobelia uidex tract 
Lobelia Tincture 
Nitrohydrochloric Acid 
Nux Vomica Fluidextract 
Nux Vomica Tincture 
Ovarian Residue 
Ovary 
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Papain 
Pectin Paste 
Pepsin 

Pepsin and Rcnnin Elixir 

Pepsin Elixir 

Podophyllum Resin 

Potassium Guaiaeolsulfonate Syrup 

Raspt)erry Juire 

Raspberry Syrup 

Rectified Turjxmtine Oil 

Rennin 

Rhubarb Fluidextract 
Rhubarb Syrup 
Rhubarb Tincture 
Salicylic Collodion 
Senega Fluidextrac^t 
Senega Syrup 
Serenoa Fluidextract 
S(juill Fluidextract 
Stramonium Fluidextract 


Strontium Salicylate 
Strophanthus Tincture 
Suprarenal 

Sweet Rhubarb Tincture 

Taraxacum Fluidextract 

Thin Pectin Paste 

Thyme Fluidextract 

Thyme Syrup 

Trinitrophenol 

Triticum Fluidextract 

Uva IJrsi Fluidextract 

Valerian Fluidextract 

Valerian Tincture 

Vanilla Tincture 

Veratrum Viride Tincture 

Viburnum Prunifoliuiu Fluidextract 

Whole Pituitary 

Wild Cherry Fluidextract 

Zea Fluidextract 


Avoid Continuous Excessive Heat 

Acid Arufuoniuiu Valerate Ferric Chloride Solution 

Chlorothyiuol 

Photect fuom Fheezing 

Risiiiuth Magma 

STUDY QUESTIONS 

1. Define fusion and congelation. 

2. What influence does the presence of an impurity have on the melting 
point of a sulistance? 

3. Explain why a mixture of ice and water, if actively stirred, does not 
show a temperature above 0®C., even while being actively heated. 

4. What kinds of substance are included in Class I in the description of 
methods for determining melting points as given by the Pharmacopoeia, 
and what arc the essential steps of the procedure? 

5. What liquid is recommended by the Pharmacop>oeia for use in the 
bath for melting-point determinations for temperatures up to 200°C ? 

6. What liquids are recommended by the Pharmacoprieia for use in the 
bath for melting-point determinations at temperatures above 200®C ? 

7. Describe the Fisher-Johns melting-point apparatus and explain how 
it is used. 



330 PRINCIPLES AND PROCESSES OF PHARMACY 


8. Explain the principle involved in the use of the Dennis melting-point 
apparatus. 

9. What kinds of substances are included in Class II as described by 
the Pharmacopoeia under Melting Range or Temperature, and what special 
treatment is prescribed for the determination of the melting points of these 
substances? 

10. Outline the procedure to be followed in determining the melting point 
of petrolatum. 

11. Explain why a liquid that is exposed to the air and allowed to evapo¬ 
rate spontaneously is cooled as a result of evaporation. 

12. Define heat of vaporization. 

13. What is noteworthy with reference to the heat of vaporization of 
water as compared with the corresponding values for the other common 
solvents? 

14. Name the five factors that influence the rate of evaporation, and 
explain fully what the effect of each factor is and how the effect is produced. 

15. Explain why in heating a liquid it is impossible to reach a tempera¬ 
ture above its boiling point. 

16. How is the atmospheric pressure measured ? 

17. What is the basis for classification of the liquids whose boiling 
points are to be determined by Method I or Method II, according to the 
Pharmacopoeia ? 

18. What is the source of error in applying the correction in boiling points 
due to variation in barometric pressure prescribed by the Pharmacopoeia 
to nonaqueous liquids? 

19. Why is the cooking of vegetables by boiling more difficult at high 
altitudes? 

20. Define the process of desiccation, and explain the importance of this 
process in the preservation of freshly collected vegetable drugs. 

21. List the chemical drying agents that are commonly used in 
desiccators. 

22. What is the meaning of the term deliquescence? 

23. What is the essential difference between the processes of exsiccation 
and desiccation? 

24. What is meant by the term water of hydration? 

25. Describe the process of torrefaction. 

26. Name two common food products that are processed by torrd^action. 

27. Define the nature of the substance treated, the conditions to be 
maintained, and the nature of the changes that occur in the process of 
carbonization. 
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28. What is the essential difference between ordinary charcoal and 
activated charcoal? 

29. Why should activated charcoal for decolorizing pharmaceutical 
preparations be used with caution? 

30. What is the nature of the substance treated and what are the chemi¬ 
cal changes induced by the process of calcination? 

31. Distinguish between incineration and ignition. 
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Chapter 11 


APPLICATIONS OF, AND PROCESSES 
INVOLVING, HEAT {Continued) 

Among the pharmaceutical processes involving the application 
of heat remaining for consideration are distillation in its various 
aspects and modifications and sublimation. Distillation is one of 
the most ancient processes known. According to Wootton,^ there 
is evidence to indicate that distillation was known to the Chinese in 
the most remote periods of their history; and possibly they used 
distillation for wine. Berthelot investigated some alleged early 
references and arrived at this conclusion. Aristotle mentions the 
possibility of rendering sea water potable by vaporizing it. At 
Alexandria, in the first century of the Christian era, it is known that 
condensing apparatus was invented and used, but no reference to 
the distillation of wine is found in any of the writings of that period. 
Nicander is the earliest authority to refer to the products of distilla¬ 
tion (about 140 B.C.). He mentions water distilled from roses and 
uses the Greek word ambix as the name for the apparatus employed 
in the process. It was this word which, when adopted by the Arabs 
and prefixed by their article al, became aldnhiq, which in turn was 
Anglicized to become the word alembic {limbeck). Origfnally this 
meant a cup-shaped vessel that was set on or near a fire, but grad¬ 
ually it came to mean a type of still having the condenser mounted 
vertically above the boiler. 

Distillatioki. In its simplest form distillation is the process of 
vaporizing a liquid and recovering it by cooling and condensing the 
vapor. The apparatus required for simple distillation consists 
essentially of three objects: a boiler, or vessel in which the vapors are 
produced by heating the liquid to its boiling point; a condenser, 

'A. C. Wootton. **Chronicles of Pharmacy,” Macmillan & Co., Ltd., 
London, 1910, Vol. I, p. 327. 
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which provides for the cooling of the vapors either by the circulation 
of water or by the use of air at atmospheric temperature; and a 
receiver provided for the collection of the condensed liquid. The 
process may have as its object the separation of a liquid from a solid 
dissolved in it, the separation of a volatile liquid from one less vola¬ 
tile, or the decomposition of organic substances by the effect of heat 
and the condensation of the volatile vapors that are given off. 

Stills. The apparatus used for the generation of vapors is called 
the still, though the term is frequently used to indicate the boiler 
and condenser collectively. The device first used for distillation 
was the alembic, which, as previously indicated, was an apparatus 



in which the condenser, usually air-cooled, was placed above the 
boiler. Although this arrangement is still used to a limited extent 
in certain modern types of still, it is less efficient than stills employ¬ 
ing the retort principle because of the heat that is transmitted by 
conduction and radiation to the condensing surface from the boiler. 

With the increased use of the process of distillation, another type 
of still came into use. This was called a retort, a term derived from 
its bent shape (from the Latin reioriiis, turned back), and consisted 
of a bulb having a long tapered neck attached at a sharp angle. As 
can be seen from Fig. 74, the retort combined the functions of the 
boiler and the condenser in one unit. The long neck of the retort 
was cooled by the atmosphere. Retorts are manufactured in two 
varieties, plain and tubulated. As can be seen from Fig. 74, the 
tubulated retort is provided with an orifice in the bulb for greater 
convenience in introducing the liquid to be distilled. Retorts made 
from glass, porcelain, earthenware, fused silica, platinum, iron, cop- 
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per, lead, etc., may be obtained, according to the special purposes 
for which they are intended. Porcelain and earthenware retorts 
are used in the distillation of phosphorus and mercury. Platinum 
and iron retorts are used in destructive distillation. Lead retorts 
are used in the manufacture of hydrochloric acid and ether. Except 
for these special uses the retort has, for the most part, been replaced 
by the modern distilling flask. These come in a variety of styles, 
shown in Fig. 75. 

Bumping, Many liquids, especially when heated in vessels hav¬ 
ing smooth inner surfaces, are subject to the phenomenon of super¬ 
heating, A liquid may commence to boil smoothly, with a steady 
stream of bubbles rising to the surface, when suddenly the boiling 
stops momentarily and a violent burst of vapor occurs. This may 
exert sufficient force to cause the flask to rise slightly from its sup¬ 
port or, in extreme cases, to burst. This behavior is spoken of as 
“bumping” and is the source of considerable difficulty in many 
distillations. 

It has been observed that this tendency is more pronounced when 
a liquid is boiled in a vessel with smooth surfaces. For this reason 
solid objects, such as pieces of unglazed porcelain, pumice stone, 
glass beads, or capillary tubes sealed in the middle, are frequently 
added; the latter are effective both in ordinary and in vacuum dis¬ 
tillation. The rough surfaces and angular points of these objects 
serve as nuclei for the formation of bubbles of vapor. For the best 
effect these objects should be added before heating is started. 

A more effective method for overcoming bumping is available 
when distillation under reduced pressure is being conducted. It is 
possible under these conditions to take advantage of the partial 
vacuum in the distilling flask by inserting a long tube drawn to a 
fine capillary, which emits a constant stream of air bubbles near the 
bottom of the flask, the air being drawn from outside the flask by 
the partial vacuum maintained throughout the distillation. Unfor¬ 
tunately this procedure is feasible only in distilling under reduced 
pressure. For distillations carried out at atmospheric pressure, 
however, if air under pressure is available equally good results may 
be obtained by using a current of air bubbles forced through the 
boiling liquid. 





Ladonburg type 


Hempel type 



A.S.T.M. type Three-neck type. 

Fig. 76. Distilling flasks. 
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In some cases where bumping is persistent there is danger of some 
of the liquid in the distilling flask being carried over mechanically 
by the rapid evolution of vapors. This behavior is sometimes 
spoken of as entrainment. If this should occur the distillate becomes 
contaminated with the less pure liquid contained in the distilling 
flask and the purpose of the process is defeated. Guarding against 
this p)ossibility is especially important in the distillation carried out 
as a part of the Kjeldahl method for the determination of nitrogen. 
As one step in this process the nitrogen is converted into an ammo¬ 
nium salt, and at this point the liquid is made strongly alkaline by the 
addition of an excess of sodium hydroxide to the distilling flask. 
Under these conditions ammonia gas is liberated and distilled over 
in the presence of water vapor and received in a measured volume 
of a previously standardized solution of an acid (a volumetric solu¬ 
tion). By residual titration of the excess acid in the receiving flask 
with a standardized solution of base, the exact quantity of nitrogen 
in the original sample may be calculated. Under the conditions of 
this determination, if only a single drop of the strongly alkaline 
solution in the distilling flask (containing the nonvolatile sodium 
hydroxide) were to be carried over mechanically to the receiver, the 
accuracy of the determination would be completely destroyed. 
Protection against this contingency in this and similar distillation 
processes may be secured by the use of distilling traps installed 
between the distilling flask and the condenser. Various styles are 
shown in Fig. 76. Some are designed for use in a vertical position, 
while others are intended to be connected with the side arm of the 
flask and the condenser at a slight angle below the horizontal. 

Frothing, In the distillation of certain liquids difficulty is 
sometimes encountered because of the frothing that occurs as the 
liquid begins to boil. This tendency is more pronounced in alka¬ 
line liquids or those containing soaps, saponins, mucilages, albumens, 
or gums. Various methods have been suggested for overcoming or 
reducing this difficulty; many of these are of some value, although 
none has been found that eliminates frothing entirely. It has 
frequently been observed that a small amount of mineral oil, 
melted paraffin, or white or yellow wax added to the contents of the 
flask serves to reduce the amount of frothing. Occasionally it is 
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Kjeldahl typea 




Fig. 76. C'onnecting-bulb distilling traps. 


possible to acidulate an alkaline solution by the addition of an 
excess of phosphoric or sulfuric acid. In other cases the addition of 
a solution of calcium chloride is found to be helpful. 

In some instances, despite whatever remedial measures may be 
taken, frothing may persist to an annoying degree. In such cases it 
is recommended that a distilling flask should be selected having 
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sufficient capacity to hold several times the volume of liquid to be 
distilled, in order to provide additional space for the froth that is 
formed. A distilling trap should also be used as a further pre¬ 
caution. In most cases where difficulty due to frothing occurs it is 
found that this tendency is more pronounced at the beginning of the 
process and tends to decrease gradually as the distillation progresses. 

Condensation, Distillation consists of two steps, evaporation and 
condensation. The theoretical aspects of evaporation were con¬ 
sidered in Chap. 10. Condensation is the reverse of the process of 
evaporation, or vaporization. It will be recalled that, in order that 
1 Gm. of water at 100°C. may be converted into water vapor (at 
normal atmospheric pressure) of the same temperature, the expendi¬ 
ture of 537 cal. of heat energy is required. Accordingly when water 
vapor is condensed by cooling, this same quantity of heat (the latent 
heat of vaporization) is liberated. Unless adequate provision is 
made to carry away the heat that is released, the condenser soon 
becomes too hot to condense the vapor at all and permits it to 
escape into the atmosphere. 

It is fortunate that most of the liquids used in pharmaceutical 
preparations have much lower heats of vaporization than tliat of 
water. Table 19 (page 296) shows that the corresponding value for 
benzene is 94,3 cal.; for chloroform, 59 cal.; for ether, 83.9 cal.; and 
for alcohol, 204 cal. Thus it can be seen that the problem of remov¬ 
ing the heat liberated upon condensation of the vapors of these 
liquids is appreciably less difficult than is the case with water vapor. 
The condensation of water vapor requires a more rapid heat 
exchange than that required for any of the other vapors produced 
from the common solvents used in pharmaceutical preparations. 
According to Cook and LaWall,^ it has been calculated that steam at 
100°C. requires about twenty-five times its weight of water at 2()®(^.. 
to condense it. Although many liquids possessing relatively low 
heats of vaporization may be condensed successfully in an air 
condenser, i.e., a tube of glass, such as the side arm of a retort, 
exposed to the cooling effect of the air at ordinary room tempera¬ 
tures, the slow rate of heat transfer by this method makes it unsuit- 

^ E. F. Cook and Charles H. La Wall. “ Remington's Practice of Pharmacy," 
J. B. Lippincott Company, Philadelphia, 8th ed., 1936, p. 133. 
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able for use in the distillation of aqueous liquids. In such case^ 
water is used as the cooling medium and is most effective when 
supplied as a stream from a constant source, rather than when used 
by simply surrounding the condensing tube with a relatively large 
volume of water that is not in motion. The constant motion 
provides for the continuous replacement of the water as it becomes 
heated. 

In addition to providing for adequate cooling, the efficiency 
of a condenser depends on its design and construction and the 
way in which it is used. It is important for the condenser tube 
to be constructed so that it may be easily cleaned, in order to 
avoid contaminating the product of one distillation with that 
of a previous one. The condenser should be designed so as to 
have a relatively large cooling surface, since the rate of conden¬ 
sation is proportional to the area of surface exposed. The con¬ 
densing surface should be made of a substance that is a reasonably 
good conductor of heat, for the rapidity of condensation is propor¬ 
tional to the speed with which the heat is carried away. For this 
reason metallic condensers are more efficient than those made of 
glass, although frequently the nature of the liquid being distilled 
precludes the use of the former because of the danger of chemical 
reactions. For best results the film of liquid that forms on the 
surface of the condenser tube should be removed as rapidly as 
formed, since in most cases the condensed liquid is a relatively less 
efficient conductor of heat than the glass or metal of the condenser 
tube. The adjustment of the angle of the condenser to secure 
rapid flow of the distillate from the condenser is helpful in this 
connection. Finally, the direction of flow of the cooling water 
should be opposite to that of the flow of vapors to be condensed. 
(This does not apply to the use of reflux condensers.) Not only 
does this provide for keeping the cooling chamber surrounding the 
condenser tube completely filled with water, since the water is 
admitted at the lower orifice, but it ensures more complete condensa¬ 
tion because the vapors travel down the condenser from the warmer 
to the cooler portions of the tube. 

Condensers. Condensers are available in various forms and 
designs, for the most part representing modifications of the original 



340 PRINCIPLES AND PROCESSES OF PHARMACY 


Liebig condenser, which consists of a straight condensing tube 
surrounded by a cooling chamber. A number of types of con- 
denser are shown in Fig. 77. The Liebig condenser may be obtained 
with the condensing tube and the cooling jacket as separate units, to 
be assembled by means of rubber or bakelite threaded connections 
or rubber stoppers. This has the advantage of permitting a 
replacement of parts in case only the jacket or the condensing tube 
is broken. The original Liebig condenser was assembled as a single 
unit, the cooling jacket being sealed to the condensing tube; they 
may still be obtained in this form, especially if made of pyrex glass. 
It is also possible to secure brass jackets to replace the glass cooling 
jacket, which greatly reduces the danger of breakage. The ivorm 
condenser is a particularly efficient type of condenser, since it offers a 
much greater cooling surface in proportion to its length than does 
the straight Liebig condenser. It recjuires a vertical mounting in 
use, since otherwise the condensed liquid collects in the lower 
portions of the convolutions of the tube, and as the vapor enters 
the condenser, the pressure of the vapor causes the distillate to 
spurt out from it. At the same time a certain amount of back 
pressure is produced by the presence of the liquid retained in the 
condenser worm, and this interrupts the smooth progress of the 
distillation process. Condenser tubings made of such materials 
as copper, brass, and iron are little used for distillations because 
of their tendency to react chemically with most liquids. On the 
other hand, block tin has little solubility in water or the common 
solvents and is frequently used in the condenser tubes of stills 
used to produce distilled water. The Hallock block-tin coil 
condenser is an example of this type. 

In some instances the object of distillation is not to separate 
a liquid from a dissolved substance or one liquid from another, 
but to permit the use of heat in the digestion or extraction of a 
substance with a volatile solvent, such as alcohol, ether, or chloro¬ 
form, at the boiling point of the solvent and at the same time prevent 
loss of the solvent by evaporation. If the material to be digested or 
extracted is placed in contact with the solvent and heated in an open 
container, the volatile solvent is soon completely driven off. In 
order to prevent this, reflux (or return-flow) condensers are used. 
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These are mounted in a vertical position in the neck of the flask 
containing the material being treated. As vaporization occurs the 
volatile solvent is condensed and flows back into the extraction 
flask. The Hopkins and the Allihn reflux condensers are especially 
designed for this use. It will be noted that the condenser tube of 
the Allihn condenser contains a series of bulbs for the purpose of 
increasing the condensing surface and hence secur¬ 
ing greater efiiciency. The Hopkins reflux con¬ 
denser employs a somewhat different principle in 
that the cooling chamber is contained inside the con¬ 
densing tube. The cooling water is admitted at 
the upper tube; this extends to the bottom of the 
cooling compartment, from which it flows upward 
to the exit tube, also located near the top of the 
condenser. The side arm is ordinarily left open 
for extractions carried out at atmospheric pressure. 
If for any reason it is desirable to carry out the ex¬ 
traction under reduced pressure, which has the effect 
of lowering the boiling point of the solvent, a water 
pump or mechanical pump may be attached at this 
point to reduce the pressure. 

In connection with the use of volatile solvents 
for the extraction of animal and vegetable drugs, 
the Soxhlet extraction apparatus is widely em¬ 
ployed. It has the advantage of rec^uiring only 
Fig. 78. Soxh- a limited amount of solvent, which is used re- 
let extraction peatedly by being purified by redistillation follow- 
apparatus. edich passage through the drug. The 

apparatus is shown in Fig. 78. The material to be extracted is 
placed in a thimble made of thick, bibulous paper in the extractor, 
which is the central unit shown in Fig. 78. The solvent is placed in 
the distilling flask attached to the base of the extractor and sub¬ 
jected to heat. As the volatile liquid boils, the vapors rise and 
travel upward by means of the larger side tube to the condenser, 
which is mounted above the extractor. As the vapors condense, the 
liquid drops into the extraction chamber, passing through the drug 
contained in the extraction thimble. The solvent continues to rise 
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until the level of the liquid just exceeds the level of the bend in the 
small siphon tube shown at the side of the extraction chamber. At 
this point the siphon is automatically primed, and all the liquid is 
ultimately drained back into the distilling flask. As the liquid is 
redistilled, the extracted material is accumulated in the distilling 
flask and the drug is repeatedly extracted with the pure solvent. 



A.S.T.M, typo Bailey-Walker Wiley typo Soxhlet micro¬ 
type extractor 

Fig. 79. C'ontinuous-extraction apparatus. 

The process is continued until the extraction is complete. In this 
way a very small volume of solvent serves to extract all the soluble 
material in the drug. 

In addition to the Soxhlet apparatus, a number of oth< r types 
of extractor have been devised for continuous extraction with 
volatile solvents. Some of these are shown in Fig. 79. The 
principle applied in their operation is the same as that for the 
Soxhlet apparatus already described and involves the redistillation 
of the solvent, which is permitted to percolate through the sample as 
it is collected from the condenser. 

The types of still and condenser which have been described here 
are those which would normally be used in ordinary laboratory 
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experiments. Special stills, which are not considered here because 
of lack of space, have been devised for large-scale operations in the 
production of distilled water and the distillation of alcohol and of 
petroleum products. Some of these are highly ingenious in their 
design and construction. Stills for the production of distilled water 
have been devised that are completely automatic and operate 



Barnstead Stokes 

Fig 80. Water stills 


continuously, maintaining a constant supply of water in the boiler 
and producing distilled water at a uniform rate. For special 
information on stills of this type it is suggested that the references 
listed at the end of this chapter should be consulted. 

Distilled WcUer. The preparation of pure water by the process of distiUation 
is of great importance in pharmacy. Water is never found in the absolutely 
pure state in nature. It usually contains salts and other mineral substances, 
together with traces of organic matter and decomposition products, some of 
which are volatile and others nonvolatile. The separation of water from the 
nonvolatile material is easily accomplished by distillation. The complete 
removal of the volatile material is considerably more diflicult. Experience has 
shown that the volatile constituents tend, because of their high volatility, to 
pass over with the first portions of the water being distilled. Accordingly it 
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has become the practice to reject the first portion, varying from a tenth to a 
fifth of the total volume being distilled, in the hope of eliminatmg the majority 
of these volatile constituents It has also been found practical to stop the 
process of distillation at a point whc-e aoproxiniately the same proportion as 



Fig 81 Sectional \iew of Barnstead water still 


that rejected remains in the still The object of tfeis procedure is 1 prevent 
the decomposition of the nonvolatile substances by prolonged heating, which 
might otherwise give rise to traces of volatile material Such a process was 
ofluial in the ninth revision of the Pharmacopoeia 

The National rormulary VII lists a form of water known as Redistilled Water 
(Aqua Redestillata), which is also known as Double-disiilled Water 


The thirteenth revision of the Pharmacopoeia recognizes three 
forms of distilled water under the titles Distilled Watei, Sterile Dis¬ 
tilled Water, and Water for Injection. The last two forms meet all 
the specifications for Distilled Water and in addition must show 
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negative results in the Sterility Test for Liquids, as described on 
page 600 of the Pharmacopoeia. However, the monograph for 
Sterile Distilled Water contains a statement to the effect that 
neither Distilled Water nor Sterile Distilled Water is to be used 
for parenteral administration or in preparations to be used paren- 
terally. Only Water for Injection may be used for these purposc^s. 

Water for Injection differs from Sterile Distilled Water in lljat it 
must meet the requirements of the Parogen Test as described on 
page 679 of the Pharmacopoeia. This procedure*is to iiisure tlie 
absence of foreign nitrogenous substanc(‘s, probably of bacterial 
origin, which might otherwise result in the production of fever when 
preparations made with such water were injected. The rabbit is 
used as the test animal, three animals being used for each test. If 
two or three of the animals show an individual elevation of 0.6°C. 
or more above the normal body temperature established for each 
animal the test is considered as positive. If only one animal shows 
a temperature rise of O.h'^C. or more or if the sum of the temperature 
increases of the three animals exceeds 1.4®C. the test must be 
repeated, using five animals. This test is considered as positive if 
two or more of the group of five rabbits show an individual increase 
of 0.6®C. or more above the normal temperatures established for 
these animals. 

Distillation under Reduced Pressure, Although it has been shown 
that evaporation takes place from the surface of liquids at any tem¬ 
perature, the rate depending mainly on the vapor pressure of the 
liquid at the existing temperature, it is apparent that the maximum 
rate of evaporation will be attained only when the liquid is actively 
boiling. Therefore from the standpoint of efficiency it is desirable 
for distillation to be carried out at the boiling point of the liquid. 

Numerous organic liquids with high boiling points are known, 
however, such as glycerin and the volatile oils, that tend to decom¬ 
pose at temperatures near their boiling points. If an aqueous solu¬ 
tion of sugar is concentrated by boiling the solution, the brown color 
of molasses is developed and the sugar that is recovered is dark 
brown in color. This is because the sugar is partly changed chemi¬ 
cally at the temperature required to evaporate the water at the 
boiling point of the solution, owing to caramelization. 
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Another example of instability in respect to heat that has a closer 
(onnection with pharmacy is encountered in the manufacture of 
extracts and fluidextracts from vegetable drugs. In both classes of 
preparation it is necessary to remove the excess of solvent or men¬ 
struum (usually a mixture of alcohol and water) in order to obtain a 
higher concentration of the active principles of the drug. Yet in 
many cases the prolonged exposure of the extractive to the heat 
necessary to accomplish this purpose brings about a partial decom¬ 
position and seriously impairs the therapeutic usefulness of the 
resulting product. In the general monograph on Extracts, page 641 
of the tliirteenth revision of the Pharmacopoeia, the following state¬ 
ment appears: “If the active principles are damaged by high tem¬ 
peratures or prolonged heating, the temperature at which its perco¬ 
late is concentrated is not to exceed 60° at any stage.” In the 
general monograph on Fluidextracts, which appears on page 65.5, 
the directions for the preparation of fluidextracts by type processes 
A and B specifically require that the weak percolate shall be concen¬ 
trated to a soft extract at a temperature “not exceeding 60°.” 
Since the boiling point of pure alcohol is 78°C. and the menstruums 
used in the preparation of extracts and fluidextracts always contain 
some water, either added in the original menstruums or extracted 
from the moisture contained in the drug, it is apparent that evapora¬ 
tion or distillation under the usual conditions of pressure will not 
serve. The solution to such problems lies in distillation under 
reduced pressure, or so-called “vacuum distillation.” 

It will be recalled that in the discussion of evaporation in Chap. 
10 it was pointed out that the pressure on the surface of a liquid 
is one of the factors influencing the rate of evaporation. It was 
also pointed out in the discussion of steam baths in Chap. 9 
that a liquid boils at the point when its vapor pressure overcomes 
the opposing atmospheric pressure. Hence if distillation is carried 
out in a closed system provided with a suitable means of diminishing 
the pressure in the system, it is possible to adjust the boiling 
temperature of the liquid (within certain limitations) to any desired 
level. In this, way the deleterious effects of excessive heat may be 
avoided without retarding the process of distillation in any way. 

Some conception of the effects of changing pressure on the 
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boiling point of liquids may be obtained from Table 20, which 
lists the vapor pressure of water at various temperatures. Although 


Table 20. The Boiling Point of Water at Various Pressures^ 


Tempera¬ 
ture, °C. 

Pressure, 
mm. of 
mercury 

^ Tempera¬ 
ture, °C. 

Pressure, 
mm. of 
mercury 

1 Tempera- 
1 ture, °C. 

Pressure, 
mm. of 
mercury 

0 

4.579 

35 

42.175 

70 

233.7 

5 

6.513 

10 

55.321 

75 

289.1 

10 

9.209 

15 

71.88 

80 

355.1 

15 

12.788 

50 

92.51 

85 

433.6 

20 

17.535 

55 

118 01 

90 

525.76 

25 

23.756 

60 

119.38 

95 

636.90 

30 

31.821 

65 

187.51 

j 

100 

760.00 


> Select«d from a table appearing in N. A. Lange, ‘‘Handbook of (’.heuiistry,” Handbook 
Publishers, Inc., Sandusky, Ohio, 2d ed., 1937, p. 1203. 


the table from which these data were taken is intended to show the 
vapor pressure of water at various temperatures, it must be remem¬ 
bered that any liquid boils whenever its vapor pressure equals the 
pressure on its surface, which means that if the pressure on a given 
liquid is reduced, at a given temperature, to a point just equal to the 
vapor pressure of that liquid at that temperature, the liquid will boil. 

In order to carry out distillation under reduced pressure, a 
suitable pump must be provided, together with a vacuum flask 
to serve as a receiver. A manometer gauge is a useful adjunct 
for measuring the pressure, and a thermometer should also be 
employed to indicate the temperature of the boiling liquid. The 
use of a tube drawn to a fine capillary to admit a stream of air 
bubbles near the bottom of the distilling flask to prevent bumping 
is also recommended. 

The type of air pump known as the aspirator or water pump is 
well suited for ordinary distillations at reduced pressure, in which 
extremely low pressures are not required. Several styles are 
shown in Fig. 83. They are made of glass or metal and are operated 
by attaching to the water line and passing a rapid stream of water 
through them. As can be seen in those made of glass, the stream 
is made to pass at high velocity through a constriction in the tube. 
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and as the water emerges from the nozzle, air that is drawn in 
from the side arm is beaten into a foam and carried out mechanically. 
The purpose of the irregular course of the outlet tube in some of 
the types shown is to increase the turbulence and to prevent the 
air contained in the foam from separating and returning to the 
partly evacuated system. Devices of this type are remarkably 
efficient for ordinary operations but are unsuited for high-vacuum 



Fig. 84. Vacuum pump. 


work, because the absolute minimum of pressure that can be 
attained even under ideal conditions is limited to the vapor pressure 
of water at the temperature at which it is used. Reference to 
Table 20 shows that this value approximates 24 mm. of mercury 
at 25°C, or 18 mm. at 20°C. 

For distillations requiring lower pressures it is necessary to use a 
mechanically operated air pump, such as that shown in Fig. 84, 
which is driven by an electric motor and may be used for either 
pressure or vacuum. The pump is of the rotary-piston Type and is 
oil sealed. It is capable of producing a vacuum corresponding to 
0.1 mm. of mercury. Still more efficient pumps of this type are 
available, some of which will produce a vacuum corresponding to 
0.0001 mm. of mercury. 
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The suction flasks used as receivers are made of thick glass 
designed to withstand the external pressure as the air is partly 
exhausted. Two forms are shown in Fig. 85. The type having 
the stopcock in the side arm is particularly useful as a means of 
preventing backflow of water from the water pump into the receiving 
flask after the pump is shut ofl\ Otherwise it is necessary for the 
system to be vented before turning off the pump or for a water trap 
to be used in order to prevent backflow. 



Fi«. 85. Vacuum flasks. 


The instrument used to measure the pressure is called a manometer 
and in its simplest form closely resembles the Torricellian tube. If a 
U tube, open at both ends, is partly filled with mercury, it may be 
used to measure either pressure or vacuum. Two commonly used 
types of manometer are shown in Fig. 86. 

The use of such apparatus as has been described is chiefly for 
small-scale operations and principally where the object is to purify 
a liquid substance by distillation and at the same time protect it 
from the effect of high temperatures. It is obvious that glass 
distilling flasks are unsuitable for use in the large-scale preparation 
of solid extracts because of the difficulty of removing the solid 
residue from the flask at the end of the process. For such purposes 
special apparatus, known as vacuum stills or vacuum pans, are 
provided, some of which have capacities amounting to hundreds of 
gallons. They are usually made in the form of a large sphere, or 
they may be ovoid in shape, and are separated at the center into 
two halves fitted together to form an airtight connection by means of 
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a gasket and suitable screw clamps. Such stills are usually made of 
brass, contain steam coils for heating, and may be lined with glass or 
porcelain. Equipment of this sort is widely used in pharmaceutical 
manufacturing. 

Fractional Distillation. The object of the process oi fractional 
distillation is to effect a more or less complete separation of two or 



Vacuum manometer, improved Ben- 
nert type 

Fig. 86. 



Manometer for pressure or vacuum 


Manometers. 


more liquids that differ from one another in their degrees of vola¬ 
tility. The boiling point (Chap. 10, page 303) of a single liquid 
(i.e., a chemical entity) is that temperature at which the vapor 
pressure is equal to the external pressure, and the same rule holds 
for mixtures of liquids. However, there is no general rule by which 
the vapor pressures of mixtures may be computed from the known 
vapor pressures of the components of a mixture, nor is it possible in 
all cases to predict the boiling point of mixtures directly from the 
vapor pressures alone. This is because other factors enter into the 
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problem, such as the solubility or lack of solubility of the com¬ 
ponents one in the other and the individual behavior of certain 
liquids or combinations of liquids. These factors do not permit 
broad generalizations to be drawn. For tlie most part we are 
dependent on a study of the physical behavior of the particular 
liquids in question and on the observations that have been made 
experimentally of these particular mixtures. 

In general the types of mixtures of two or more liquid components 
may consist of the following: 

1. Liquids that are insoluble in each other. 

2. Liquids that are miscible in all proportions. 

3. Liquids that have only a limited solubility in each other. 

With reference to mixtures of liquids that are insoluble in each 

other, the separation of such mixtures may frequently be effected 
by purely physical methods, such as the use of the separatory 
funnel of siphoning off the supernatant layer, thus avoiding the 
necessity of resorting to the more laborious and time-consuming 
process of fractional distillation (see Chap. 18, page 541). This 
particular type of mixture is encountered in the steam distillation of 
the volatile oils from plant materials. The theoretical aspects of 
the behavior of immiscible liquids will be discussed more extensively 
under Steam Distillation (page 361). It is sufficient to point out 
here that the vapor pressure of the mixture at any given temperature 
is equal to the sum of the vapor pressures of the components for that 
same temperature and that ebullition occurs whenever the total 
vapor pressure equals the external pressure. 

Mixtures of liquids of the third class, viz,, mixtures consisting of 
liquids having only a limited solubility in each other, show char¬ 
acteristics that are in part similar to those of immiscible liquids; at 
the same time, in so far as the limit of solubility permits, they reflect 
the behavior of liquids that are miscible with each other. 

Fractional Distillation of Miscible Liquids, The most important 
application of fractional distillation has as its object the separation 
of two or more liquids that are soluble in all proportions in each 
other, and we shall confine our discussion to mixtures of this type. 
Even with miscible liquids we are dependent on experimental 
observations of the boiling points and the compositions of the vapor 
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mixtures at various boiling-point temperatures. The management 
of the process and the degree of separation that results are therefore 
influenced to a large extent by the characteristic behavior of the 
particular mixture of liquids in question. 

Experimental evidence has shown that for binary mixtures 
(containing two components) the behavior of various mixtures 
of miscible liquids falls into one of the three following categories: 

Class I. The boiling point of the mixture changes uniformly 
with the composition of the mixture in the distilling flask and is 
always lower than the boiling point of the less volatile constituent 
but greater than that of tlie more volatile component. 

Class II. The boiling point changes with the composition of 
the mixture in the distilling flask but at one particular composition 
attains a maximum greater than that of the less volatile constituent. 

Class III. The boiling point changes with the composition of 
the mixture but at one particular composition attains a minimum 
value less than that of the more volatile component. 

In mixtures of Class I the boiling point is determined by the 
original composition of the mixture and is always lower than the 
boiling point of the less volatile constituent. Since the more 
volatile component vaporizes more rapidly than the less volatile 
constituent, the percentage of the more volatile component in the 
mixture constantly decreases. As a result the boiling point 
will gradually rise until finally it reaches the boiling point of 
the less volatile constituent. Examples of mixtures that exhibit 
this behavior are the following: benzene and toluene, methanol 
and water, acetic acid and water. 

Mixtures of miscible liquids of Class II exhibit an anomaly in 
the composition curve with a change in the boiling point of the 
mixture in that, at one particular composition, a maximum boil¬ 
ing point is reached that is greater than the boiling point of either of 
the components. This means that at this maximum temperature 
the composition of the distillate will be identical with that of the 
mixture in the distilling flask. Such a mixture is spoken of as a 
constant-boiling mixture. It was formerly regarded as a chemical 
combination, but evidence shows that it exhibits a constant boiling 
point only at a constant pressure and that if the external pressure 
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is increased or decreased, the boiling point of the mixture changes. 
The behavior of mixtures of Class II may be interpreted to mean that 
if the original composition of the mixtur^ varies from that of the 
constant-boiling mixture and contains a higher proportion of the 
more volatile constituent, the latter will be distilled off at a more 
rapid rate, resulting in a corresponding increase in the boiling point 
of the mixture until the proportion of the two components is 
adjusted to that of the constant-boiling mixture, whereupon the 
boiling point of the mixture remains constant. On the other hand, 
if the composition of the mixture is such that its initial boiling point 
is less than the maximum attained by the constant-boiling mixture, 
owing to the presence of too high a proportion of the less volatile 
constituent, then the less volatile constituent will distil at a more 
j apid rate until the proportion is reduced to that required for the 
constant-boiling mixture, the boiling point again attaining a 
maximum value. Mixtures of nitric acid and water and of hydro¬ 
chloric acid and water exhibit this behavior when distilled together, 
as do mixtures of formic, hydrobromic, hydriodic, hydrofluoric, and 
perchloric acids with water. Acetone (boiling point 56®C.) and 
chloroform (boiling point 61^C.) form a constant-boiling mixture 
that boils at 64.7°C. The formation of constant-boiling mixtures 
is of importance in the commercial production of the acids in that 
they may be used for preparing acid solutions of predetermined 
strength, since the composition of such mixtures is known and 
remains constant with constant pressure. 

Mixtures of Class HI exhibit a similar anomaly in their com¬ 
position curve; but in this case the temperature of the constant¬ 
boiling mixture is below that of either of the constituents. Among 
the mixtures that show this behavior are alcohol and water and 
isopropyl alcohol and water. Whenever any substance is dis¬ 
solved in a liquid, the boiling point of the liquid is raised. This is 
accounted for by the fact that the vapor pressure is lowered and 
accordingly a higher temperature is required to increase the vapor 
pressure to that of the atmosphere. In a mixture of two liquid 
constituents, each may be regarded as being dissolved in the other, 
with the result that each lowers the vapor pressure of the other. 
In the case of mixtures of Class III, the vapor pressure rises to a 



356 PRINCIPLES AND PROCESSES OF PHARMACY 


maximum at which it remains constant, which means that a constant 
minimum boiling point is reached. When such a mixture is 
obtained, further separation of the constituents is impossible, since 
the composition of the distillate is identical with the composition of 
the mixture in the distilling flask. A mixture containing 95.57 per 
cent by weight of alcohol and 4.45 per cent by weight of water repre¬ 
sents a constant-boiling mixture of these two substances, which boils 
at a temperature of 78,15°C., a boiling point slightly below that of 
pure alcohol, which is 78.5°C. This explains why it is impossible 
to prepare absolute alcohol by fractional distillation. This can 
be accomplished only by using chemical dehydrating agents to 
remove the last traces of water. 

Fractional Dislillalion of Alcohol. The separation of alcohol 
and water is an example of the practical application of fractional 
distillation that is of considerable industrial and pharmaceutical 
importance. Since alcohol boils at approximately 78°C. and 
water at 100®C., it might be assumed that by heating the mixture 
and collecting the distillate until the temperature reaches the 
boiling point of water, all the alcohol could be separated. However, 
the distillate will be found to consist of a mixture of alcohol and 
water; for even though water does not boil at temperatures below 
100®, its vapor pressure is fairly high, even at the boiling point of 
alcohol. If the distillate is subjected to redistillation, being heated 
again to 100®C., a higher proportion of water will be left in the 
distilling flask. Theoretically if redistillation is repeated a sufficient 
number of times it is possible to obtain nearly pure alcohol as the 
distillate, the upper limitation on the percentage of alcohol being 
that of the constant-boiling mixture, containing 95.57 per cent by 
weight. 

In actual practice it is found more convenient to collect the 
product of each distillation in a number of flasks, the receiving 
flask being changed at predetermined temperature levels as the 
boiling point of the mixture rises, e.g., that portion coming over at a 
boiling range up to 85®C. might be collected in one flask, another 
fraction between 85 and 90®, and a third between 90 and 95®. The 
first fraction collected (below 85®) will contain most of the alcohol, 
whereas the last fraction (90 to 95®) will contain a much lower 
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proportion. If the intermediate fraction is redistilled separately 
and fractionation continued at the same temperature intervals, those 
portions distilling below 85° will ultimately contain most of the 
alcohol. If these fractions are now mixed with the fraction origi¬ 
nally obtained at the same temperature interval and the mixture is 
again distilled, the fractions being collected this time at smaller 
temperature intervals, e.g., 2° each, these operations will eventually 
yield a liquid having a boiling point approximating that of alcohol, 
and no further separation will be possible. 

Fractionating, or Distilling, Columns. The preceding discussion 
of the fractional distillation of alcohol is probably sufficient to 
indicate that this is a rather complex and tedious process, because 
of the time consumed in the redistillation of the separate fractions 
and tlie number of fractions to be collected. Fortunately it has 
been found that much time may be saved by the use of fractionating, 
or distilling, columns interposed between the boiler and the con¬ 
denser. Several types are shown in Fig. 87. 

The fractionating column acts by condensing the less volatile 
eonstituent of the vapor as it makes its way up the tube. Although 
the theory of its use is extremely complicated, the effect is that of 
continual redistillation as the vapors rise through the column. At 
each step in the column the concentration of the more volatile 
liquid tends to increase progressively, with the result that the 
distillate will show a concentration of the more volatile constituent 
that compares favorably with or may exceed that obtained as the 
result of repeated fractionations and redistillations without the use 
of the fractionating column. 

The length of the fractionating column may be reduced (1) by 
increasing the surface by means of enlargements or bulbs in the 
column, (2) by the cooling of the vapors by making them do work 
against obstructions in the column, and (3) by raising movable valves 
in the column. The two latter principles are illustrated in the 
Glinsky and Snyder columns. 

For large-scale operations, full advantage is taken of the principle 
involved in the use of tha fractionating, or rectifying, column. This 
is especially true in the commercial production of alcohol and dis¬ 
tilled spirits and in the distillation of petroleum products. Large 
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fractionating columns of this type are frequently made of copper or 
other metals, the interior being coated with tin. It is usually 
necessary to provide insulation for the column in order to prevent 
loss of heat, which otherwise would permit excessive condensation 
of the more volatile constituent. When a large column is to be 
designed for a particular purpose, considerable experimentation is 
required with small-scale models in order to determine the quantity 
of heat necessary to produce the desired concentrations at the vari¬ 
ous levels in the column. From the experimental data obtained, it 
is possible to design large-scale units suitable for industrial use. 

Fractional Distillation under Reduced Pressure, As was previously 
mentioned in connection with constant-boiling mixtures, such as 
that produced by hydrochloric acid and water, the belief was 
formerly held that a definite chemical combination of the acid and 
the water accounted for the uniform composition of the vapor and 
the resulting distillate. It was discovered, however, that such 
constant-boiling mixtures could exist only at constant pressure and 
that a change in pressure would result in a change in proportions of 
the components in the distillate. This discovery is of considerable 
importance, since distillation under reduced pressure may be used 
to overcome the formation of constant-boiling mixtures. 

Another application of fractional distillation under reduced 
pr(^ssure that is of greater pharmaceutical interest is the separation 
of the constituents of volatile oils by direct distillation. The 
naturally occurring volatile oils are extremely complex mixtures, 
often containing hydrocarbons, terpenes and sesquiterpenes, 
alcohols, esters, aldehydes, ketones, phenols and phenolic com¬ 
pounds, oxides, lactones, nitrogenous compounds, compounds 
containing sulfur, and free organic acids. Although sev<*ral of 
these constituents may be isolated by chemical means, e,g,, in the 
separation of phenols by treatment with fixed alkalies, the con¬ 
stituents usually are so numerous and so varied in composition that 
physical methods must be used to effect the separation of some of 
them. Most of these constituents possess relatively high boiling 
points but are altered chemically if heated to a sufficiently high 
temperature to produce boiling. Fractional distillation under 
reduced pressure is particularly well adapted to the separation of 
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these constituents. For this purpose it is necessary to use some 
type of receiver that will permit the collection of the successive 
fractions of the distillate without interrupting the process by 
interfering with the partial vacuum in the closed system. Two 
such devices are shown in Fig. 88. It will be noted that the 
Bruehl distillation receiver resembles a vacuum desiccator in some 
respects and is equipped with a turntable bearing individual tubes for 



Bruehl type Bogeit type 

Fig 88. Fractionating receivers. 


the separate fractions. The turntable may be rotated by turning 
the handle at the top of the receiver, without having to open the 
system and so destroy the partial vacuum. 

The Bogert distillation receiver permits the collection of an 
unlimited number of fractions without interruption of the partial 
vacuum in the system. The fractions are collected by closing the 
appropriate stopcocks, so that the receiving flask may be changed 
without interfering with the partial vacuum in the closed distilling 
system. By proper manipulation of the stopcocks, the pressure in 
the flask that replaces that used for the collection of a given fraction 
may be reduced to the same level as that maintained in the rest of 
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the system before any of the distillate is permitted to flow into the 
receiving flask. 

When fractional distillation under reduced pressure is carried out 
upon a volatile oil, especially in conjunction with the use of a suit¬ 
able fractionating column, fairly complete separation of the constit¬ 
uents into fractions of rather narrow boiling-point ranges is usually 
obtained. 

Steam Distillation. A liquid that is immiscible with water and 
that has a relatively high boiling point may be distilled at a tempera¬ 



ture far below its normal boiling point by the simple expedient of 
boiling it with water or passing a current of steam through it. This 
process is of particular importance in the production of the volatile 
oils, since many of the normal constituents of these oils have such 
high boiling points that they would be decomposed if an attempt 
were made to obtain them by direct distillation from the plant 
materials containing them. At first thought it appears unreason¬ 
able to expect that appreciable quantities of a higher boiling sub¬ 
stance could be distilled at a temperature equal to or below the 
boiling point of water. But an understanding of the behavior 
of immiscible liquids when heated together explains why this is 
possible. 

Theoretical Considerations, Steam distillation is bas^ upon the 
fact that immiscible liquids behave quite differently from miscible 
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liquids when subjected to heat. As was pointed out in the discus¬ 
sion of fractional distillation, in the case of liquids that are mutually 
soluble in each other in all proportions, or miscible, the presence of 
each component has the effect of reducing the vapor pressure of the 
other. But in the case of immiscible liquids, neither of the liquids 
has any perceptible effect upon the vapor pressure of the other. In 
a mixture of two immiscible liquids, boiling occurs whenever the sum 
of the individual vapor pressures is equal to 760 mm. of mercury. 
Hence if the nonaqueous component shows an appreciable vapor 
pressure at the boiling point of the mixture, this temperature must 
be below the boiling point of water. 

Many volatile oils, such as oil of peppermint, oil of cinnamon, oil 
of clove, and oil of turpentine, are obtained by steam distillatioin 
The boiling poitit of oil of turpentine may vary within certain limits, 
but it is usually about 160°C. When it is mixed with water, how¬ 
ever, the boiling point of the mixture is approximately 95.6°C. 
Reference to the table of the vapor pressure of water at various tem¬ 
peratures^ shows that the vapor pressure of water at this tempera¬ 
ture is approximately 648 mm. of mercury. Since the mixture of 
liquids boils at this temperature, it follows that the total of the two 
pressures must be 760 mm.; hence the vapor pressure of the oil of 
turpentine must be 760 — 648, or 112 mm. of mercury. 

If instead of oil of turpentine, which is not a pure compound but a mixture 
of substances, a pure chemical is considered with relation to its behavior with 
steam, it is possible to calculate the approximate proportions of the substance 
and of water that will be found in the distillate. Nitrobenzene (C 6 H 6 NO 2 ) 
is such a liquid, having a molecular weight of approximately 123 and a boiling 
point of approximately 211°C. It is very slightly soluble in water; but for all 
practical purposes we may consider it an example of an irnmiscnble liquid. A 
mixture of nitrobenzene and water boils at 99°C. Reference to the table of the 
vapor pressure of water at various temperatures already cited shows that at this 
temperature water has a vapor pressure of 733 mm. of mercury. Accordingly 
the pressure of nitrobenzene must be 760 — 733, or 27 mm. of mercury. 

According to Avogadro’s hypothesis, equal volumes of gases under the same 
conditions of temperature and pressure contain equal numbers of molecules. 
Hence the weights of equal volumes of different gases under the same physical 
conditions must be proportional to the molecular weights of the compounds. 

' N. A. Lange. **Handbook of Chemistry,” Handbook Publishers, Inc., 
Sandusky, Ohio, 2d ed., 1937, p. 1203. 
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The molecular weight in grams of any gas at 0°C. and 760 mm. of pressure 
occupies 23.32 L. Correcting for the temperature of 99°G. (the boiling point 
of the water and nitrobenzene mixture), the molecular weight of any gas in 
grams would occupy, according to Charles’s law, 


23.32(273 99) 

273 


30.41 L. 


However, the volume of each component in the mixture of vapors would be 
approximately in proportion to their vapor pressures, i.e., 27 volumes of nitro¬ 
benzene to 733 volumes of water vapor. Hence in 30.41 L. of the mixed vapors 
at 99°C. there would be 


and 


-‘— = 1.08 L. of nitrobenzene vapor 

733 X 30.11 , 

--= 29.33 L. of water vapor 


On the basis of volume, it is apparent that approximately 27 parts by volume 
of water vapor are distilled for each volume of nitrobenzene vapor. 

(29.33 4- 1.08 = 27.157) 

In order to compute the weights of the two products that are obtained, the 
molecular weights of the two compounds must be considered. The calculation 
of the weights of each component contained in 30.41 L. of the mixed vapors at 
99°C. would be made as follows: 


and 


1.08 X 123 
30.41 


4.37 Gm. of nitrobenzene 


29.33 X 18 ^ . 

—- « 17.36 Gm. of water 
30.41 


i.e., 1 part of nitrobenzene (by weight) is yielded for approximately each 4 parts 
by weight of water. (17.36 -i- 4.37 = 3.97.) Thus it is seen that a volume 
ratio of 1 to 27 corresponds to a weight ratio of 1 to 4. The difference in the 
molecular weights of the two compounds is, of course, the factor that offsets the 
apparent disadvantage of the relatively low vapor pressure of the nitrobenzene. 
An understanding of the reasoning involved in the explanation just given is of 
value in judging whether steam distillation may be used profitably for other 
immiscible liquids. Experience has shown that the process may be used to 
advantage even with immiscible liquids having considerably lower vapor pres¬ 
sures at the boiling point of the mixture than that shown by nitrobenzene, 
provided that the molecular weight of the compound is sufficiently larger than 
that of water to compensate for this factor. If the boiling point of the mixture 
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is known or determined, it is possible to calculate in advance the approximate 
composition of the distillate that will be obtained. 

Florentine Receivers. In the application of steam distillation to 
the production of volatile oils, some method must be employed to 
separate the volatile oils from the water that is distilled with them. 
Since in most cases the quantity of water is relatively large as com¬ 
pared with the yield of volatile oil, it is advantageous to have the 
separation carried out automatically as a continuous process. This 
is usually accomplished by the use of special traps known asF/oren- 



ReceiVer for 
light liquids 



Receiver for 
heavy liquids 


Combined receiver for 
light and heavy liquids 



90. Florentine receiv(Ts. 


tine receivers. Two kinds of receiver are used, one designed for the 
collection of liquids lighter than water and the other for liquids 
heavier than water. Or, if desired, a combined form suitable for the 
collection of both types of liquid may be used by closing off the 
appropriate overflow tube. 

Most of the volatile oils official in the Pharmacopoeia and the 
National Formulary are lighter than water, and the receiver for 
liquids of this type is accordingly most frequently used. Only the 
oils of clove, cinnamon, and sassafras, of the Pharmacopoeia, and 
the oils of bitter almond and of pimenta, of the National Formulary, 
are heavier than water. 

As can be seen in Fig. 90, the Florentine receiver for liquids lighter 
than water consists of a container provided with a bent overflow 
tube, which has its lower opening on the side of the container near 
its bottom. The overflow tube extends upward for some distance 
and is then bent downward at a point below the upper rim of the 
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receiver. The position of the upper bend in the overflow tube deter¬ 
mines the level of the liquid that will be maintained in the receiver. 

At the beginning of the process of distillation a sufficient quantity 
of water is placed in the receiver to cover the opening of the overflow 
tube. As the distillate is collected, the volatile oil that separates 
from the water rises to the surface because of its lower specific grav¬ 
ity while the water forms the lower layer. As the level of the liquid 
reaches that of the upper bend in the overflow tube, the water is dis¬ 
charged from the receiver while the oil is retained. The water that 
is collected is, of course, saturated with the volatile oil. It may be 
marketed in this form as an aromatic water, or it may be redistilled 
fractionally in order to recover a portion of the oil that is held in 
solution. In such cases the reprocessing of the water is spoken of 
as cohobation. 

The receiver for collecting liquids heavier than water has a short 
overflow tube located near the top of the receiver. This permits 
the discharge of the lighter supernatant layer, which is the water, 
while the heavier oil separates as the lower layer in the receiver. 

Destructive Distillation. The process of destructive distillation , 
also known as dry distillation^ consists in applying strong heat to 
organic matter that is protected from air and condensing the volatile 
decomposition products that are formed. The chemical changes 
are reactions involving partial decomposition, since the products 
that are obtained are always less complex than the original sub¬ 
stances being distilled. For the most part destructive distillation 
is limited in its application to two naturally occurring substances, 
wood and coal. The destructive distillation of both these is essen¬ 
tially a large-scale industrial process, and for this reason no detailed 
study will be made of it. However, the products obtained from 
coal and wood are so important that brief mention will be made of 
them. Since high temperatures are involved and the operations 
yield a solid residue (charcoal from wood and coke from coal), the 
stills that are used consist of large open vessels of cast iron, having a 
flange at the top and a dome with a corresponding flange provided 
with a tube for carrying off the volatile products. The connection 
between the still and dome is made airtight by being luted with fire 
clay, and the dome is usually held in place by means of iron clamps. 
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Brief mention was made of the process of destructive distillation 
in connection with Carbonization in Chap. 10. It was pointed out 
there that wood yields such products as acetone, methyl alcohol, 
acetic acid, creosote, and tar. 

Coal-tar Products. The development of coal-tar products and the chemistry 
of the aromatic hydrocarbons dates from 1856, when the English chemist 
W. H. Perkin, in an unsuccessful attempt to synthesiz<^ quinine, accidentally 
discovered a coal-tar dye while experimenting with a coal-tar derivative. The 
value of coal tar was at once recognized, and today it represents a most impor¬ 
tant source, not only of dyestuffs, but of medicinal substances, solvents, flavors, 
perfumes, photographic chemicals, and explosives. 

The coal-tar industry may be regarded as a by-product of the steel industry, 
since coke is essential for the reduction of iron ores. When bituminous coal is 
heated in the coke oven, the products consist of the residue, coke, and the 
volatile substances, which are illuminating gas, ammonia, and coal tar. Coal 
tar is a highly complex mixture of compounds that is separated into its many 
valuable constituents by distillation at gradually increasing temperatures. 
The operation is usually carried out in a cylindrical iron still having a concave 
bottom and a domed top. The charge usually consists of 20 tons of coal tar, 
which has previously been freed from its moisture content. The distillate is 
passed through a condensing coil surrounded by water, which is cold at first but 
which is alternately changed from cold to hot throughout the process as 
required, in order to prevent clogging of the coil by the solid substances that 
would otherwise separate out. 

This preliminary distillation yields the following four fractions: (1) light 
oils (sp. gr. 0.90 to 0.95), which are collected up to a temperature of 172°C. 
and represent 2 to 8 per cent of the coal tar; (2) middle, or carbolic, oils (sp. gr. 
1.01), collected between 172 and 230®C. and corresponding to 8 to 10 per cent 
of the coal tar; (3) heavy, or creosote, oils (sp. gr. 1.04), distilling between 
230 and 270°C.; (4) anthracene oils (sp. gr. 1.10), collected between 270 and 
400®C. in an amount corresponding to 16 to 20 per cent of the original charge of 
tar. The residue, known as coal-tar pitch, represents approximately 50 per cent 
of the original weight. This material is used as a roofing material and also 
serves as an artificial asphalt, used in paving. 

These preliminary fractions are treated in various ways in order to isolate 
their many ingredients. The light oils are first redistilled to separate them 
from a small proportion, of the middle, or carbolic, oils. Then the purified 
fraction is treated with concentrated sulfuric acid. This operation fixes the 
bases and dissolves or resinifies the unsaturated hydrocarbons, the phenols, 
and the sulfur compounds. The acid portion is separated and yields ammonium 
sulfate and pyridine. ‘ The oil is then washed with water and a weak solution of 
sodium hydroxide and after drying is subjected to fractional distillation. 

The four following fractions are collected: (1) the “first runnings',*’ the 
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portion collected up to a temperature of 70°G., consisting chiefly of carbon 
disulfide, hexane, and acetonitrite; (2) light benzol, collected between 70 and 
122°G.; (3) heavy benzol, collected between 122 and 177®G.; (4) carbolic oils, 
which are returned for further processing to the preliminary fraction of carboli(^ 
oils. 

The crude benzol that is thus obtained is distilled again and separated into 
pure l)enzol (benzene), toluene, xylene, and a residue known as solvent naphtha. 
The latter is used extensively in the rubber industry as a solvent for rubber. 
The benzol is used in the manufacture of motor fuel and illuminating gas and 
as a “dry cleaner” in laundry work. 

The middle, or carl>olic, oils contain naphthalene, phenol, and cresols. The 
naphthalene crystallizes out and is separated by centrifuging. The phenolic 
bodies, which may represent as much as 30 to 40 per cent of this fraction, are 
separated by treatment with 10 per cent sodium hydroxide solution, which 
forms soluble phenates. The phenols are recovered by acidulating the aqueous 
solution. They are again distilled fractionally and then chilled; this causes the 
phenol to crystallize and leaves the cresols, which are present as a liquid. The 
phenol may be used in that form or as a source for picric acid (trinitrophenol), 
salicylic acid, and other derivatives. The cresols (a mixture of the three 
isomeric^ forms, ortho^ meta^ and para) are usually not separated but are 
employed in this crude form as a disinfectant. 

The heavy, or creosote, oils usually contain neutral and acid oils consisting 
principally of naphthalene, dinaphthalene, xylenol, naphthol, and paraffins. 
The creosot(i oils are used chiefly for preserving timber and as disinfectants. 

The anthracene oils contain some phenol in addition to the anthracene, 
the latter being crystallized by chilling the oils to a point at which the anthra¬ 
cene separates in a solid form, known as crude anthracene. This solid material 
is then subjected to a pressure of 3,000 to 4,000 lb. per sq. in. in a hydraulic 
press and heated with steam. Nearly all the naphthalene and phenanthrene 
present flow out in liquid form. The residue of anthracene is washed with 
solvent naphtha and with the acid pyridine obtained from the first treatment of 
the oils, resulting in anthracene of 90 per cent purity. 

Upon oxidation, anthracene yields anthraquinone, from which in turn alizarin 
is derived. The fluid remaining after treatment of the light oils with sulfuric 
acid contains pyridine and other bases, such as the picolines and lutidines. 
Ammonia is run into the liquid until the pyridine separates. Quinoline is 
separated in the same manner from the sulfuric acid washings of the heavy oils. 
These secondary products yield an extensive list of medicinal chemicals, per¬ 
fumes, flavors, disinfectants, preservatives, fuel and lubricating oils, pigments, 
photographic chemicals, and explosives. 

Space does not permit a complete listing of the derivatives of coal- 
tar products of pharmaceutical interest. Among the more impor¬ 
tant of the primary substances isolated from coal tar that yield 
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important medicinal substances are the aromatic hydrocarbons, 
benzene, toluene, naphthalene, and anthracene, and two substitu¬ 
tion products of benzene, riz., phenol and cresol. Benzene serves 
as a starting point for the synthesis of such compounds as nitro¬ 
benzene, aniline, acetanilid, acetophenetidin, pyrocatechol, resor¬ 
cinol, hydroquinone, quinone, pyrogallol, and phloroglucinol. 
Phenol yields salicylic acid, phenyl salicylate, methyl salicylate, 
coumarin, trinitrophenol, and a series of amidophenol dyes. Tolu¬ 
ene may be used as a source for benzaldehyde, benzoic acid, man- 
delic acid, saccharin, and the high explosive, trinitrotoluene. 
Naphthalene yields a-naphthol, /3-naphthoI, phenolphthalein, and a 
series of aniidonaphthol dyes. Anthracene yields anthraquinone, 
which in turn serves as a source for a very important series of dye¬ 
stuffs known as the alizarin dyes. 

Sublimation. The process of siihlimalion may be defined as 
the heating of a solid that vaporizes directly from the solid phase 
without fusion and recovering the solid by condensing the vapor. 
The transformation of the vapor to the solid state is also made 
directly without liquefaction. The object of the process is the 
purification of volatile solids by separating the latter from nonvola¬ 
tile impurities that may be present. The process is limited in its 
application by the fact that this abnormal behavior is exhibited, 
under ordinary conditions of pressure, by only a relatively small 
number of compounds. 

The question of why some substances sublime while others do not 
is answered by an examination of their physical properties. When 
a solid that is incapable of sublimation is heated, fusion occurs. If 
the heat is continued, the resulting liquid boils at a point at which 
its vapor pressure is equal to the external pressure. But when a 
substance such as iodine, for example, is heated, it is observed not 
to melt, but to pass directly into the gaseous state, forming the 
characteristic purple vapors of iodine. When these vapors are 
cooled, solid crystals of iodine are formed directly from the vapor. 
This difference in behavior may be explained by the fact that any 
substance which sublimes upon heating has a vapor pressure, at its 
melting point, that is equal to the atmospheric pressure, while a 
substance that melts upon heating has a vapor pressure, at the melt- 
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ing point, that is less than that of atmospheric pressure and conse¬ 
quently requires further heating to increase its vapor pressure to 
that of the atmosphere before it boils. 

When the external pressure is increased, the boiling point is raised. 
If the pressure is reduced, the boiling point is lowered. On the 
other hand, it has been found that the melting point of a solid is 
only slightly affected by changes in the external pressure. This 
effect of changing pressure upon melting points is so slight that 
ordinarily it is ignored, whereas an observation of the atmospheric 
pressure is considered necessary for calculation of the true boiling 
points of liquids. Theoretic^ally it should be possible to heat, under 
increased pressure, a substance that sublimes at normal pressure 
and thereby raise its boiling point to a temperature at which the 
substance would undergo fusion before changing to the gaseous 
state, without changing its melting point to any appreciable extent. 
Experiments that have been carried out upon substances capable of 
sublimation under normal pressure, such as arsenic trioxide, have 
shown that this occurs. Not only is this true, but it is also possible, 
by redu(‘ing the pressure, to lower the boiling point of a substance 
that does not normally sublime to the same temperature as its melt¬ 
ing point, with the result that the solid vaporizes under thcvse special 
conditions. If the reduced pressure is maintained on the vapor it 
will, upon cooling, pass directly into the solid state. Although a 
considerable number of compounds are known that have sufficiently 
high vapor pressures to make sublimation possible, only a few are 
commonly purified by this method. Those of especial interest in 
pharmacy are the following: ammonium carbonate, ammonium chlo¬ 
ride, arsenic trioxide, benzoic acid, camphor, iodine, mercuric 
bichloride, mild mercurous chloride, sulfur. 

The process of sublimation when used as a manufacturing process 
is usually carried out as a large-scale operation, as in the production 
of ammonium chloride or sublimed sulfur. It is also used to some 
extent as a means of purilicatioii in analytical chemistry. The 
process may easily be demonstrated on a small scale by applying 
slow heat to benzoic acid contained in a dish over which a glass fun¬ 
nel has been inverted. A towel moistened with water may be 
wrapped around the funnel for the purpose of cooling. If a funnel is 
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selected that is of slightly greater diameter than the dish, a stream of 
cold water may be made to flow over the outer surface of the funnel 
for the same purpose. Care must be exercised to prevent the water 
from running into the dish. At one time the process of sublimation 
was officially prescribed for benzoic acid. The procedure recom¬ 
mended was to place the benzoic acid in a shallow tinned iron pan, 
the top of which was covered by pasting a sheet of bibulous paper 
(filter paper) over the edge of the dish. The vapors of the acid were 
forced to pass through the pores of the paper as a further precaution 
in purifying the product. Condensation was effected by placing a 
large cone of stiff paper or pasteboard over the dish. The cooling 
effect of the surrounding air was usually sufficient to bring about 
condensation. 

Cake Sublimates. The temerpature at which the vapors of a sub¬ 
stance are solidified has an important bearing on the physical form 
of the sublimate. Three kinds of sublimates are known, cake sub¬ 
limates, as represented by camphor and mercuric bichloride, powder 
sublimates, such as mild mercurous chloride and sulfur, and crystal 
sublimates, as typified by iodine and benzoic acid. Because of the 
low temperatures at which the vapors condense, the form of appa¬ 
ratus differs considerably from that used in distillation. The 
receiver serves as both receiver and condenser; and since the con¬ 
densed substance is a solid, it cannot be made to flow away from the 
point at which it solidifies. It follows that the neck of the heating 
vessel must be wide in diameter to prevent clogging by the sublimate 
and as short as possible in order to avoid excessive distances for the 
vapors to travel. 

The conditions of temperature in the receiver determine in many 
cases the nature of the sublimate obtained. If the temperature is 
relatively high, approximating that of the vapor, it is possible to 
prevent the formation of the sublimate until the vapors strike the 
cooler surface of the condensing chamber. Under these conditions 
the sublimate is deposited layer by layer upon this surface, from 
which it may be removed in solid masses or cakes, by scraping. 

Powder Sublimates. If, on the other hand, the air in the condens¬ 
ing chamber is considerably cooler than the entering vapors, a 
condition that may be brought about by providing adequate ventila- 
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lion of the condenser, the vapors may be made to condense in mid¬ 
air, so to speak, almost upon contact with the cooler atmosphere. 
This produces a finely powdered sublimate which falls to the bottom 
of the receptacle in that form. 

Cryslal Sublimates. Some substances sublime in distinct crystal¬ 
line forms if the conditions are properly controlled. As a general 
rule camphor tends to form a cake sublimate; but if the temperature 
is adjusted so that the condensation takes place very slowly, the 
vsublimate is crystalline. There are other substances, such as ben¬ 
zoic acid, iodine, menthol, and naphthalene, that normally solidify 
in distinct crystalline forms in any style of condenser. In this con¬ 
nection it is of some historical interest to note that sublimates 
having a crystalline structure were formerly designated by the terra 
flowers and that benzoic acid, e.g.^ was known as flowers of benzoin, 
or* flowers of benjamin, having first been obtained by heating the 
balsam of benzoin (also known as gum benjamin). Similarly, sub¬ 
limed sulfur is known as flowers of sulfur. It is supposed that the 
more or less symmetrical arrangement of the crystals as they con¬ 
densed in the form of tufted needles suggested a similarity to the 
arrangement of the petals of a flower. 

STUDY QUESTIONS 

1. What two processes are involved in distillation? 

2. What is the difference between an alembic and a retort type of still? 

3. Explain the phenomenon of bumping of a boiling liquid and explain 
the procedures that may be used to overcome this difficulty. 

4. What is entrainment, and what devices are used to prevent its 
occurrence? 

5. What relation exists between the heat of vaporization of a licpiid and 
the ease or difficulty with which its vapors may be condensed ? 

6. What is an air condenser? 

7. What characteristics of design and construction of a condenser 
contribute to its efficiency? 

8. What is the special purpose for which reflux condensers are used? 

9. What are the advantages and disadvantages of the worm condenser? 

10. Explain the principle of operation of the Soxhlet extractor. 

11. What is the principal difference between Sterile Distilled Water and 
Water for Injection? 
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12. What is the effect of reducing the pressure on the boiling point of a 
liquid ? 

13. What classes of pharmaceutical preparations require distillation at 
reduced pressure in their manufacture? 

14. Explain the principle of operation of the water pump, or aspirator, 
used in reducing the pressure for distillations under reduced pressure. 

15. What is the theoretical limitation on the reduction in pressure that 
can be attained by the use of the water pump? 

16. What is a manometer, and for what purpose is it used? 

17. Why is a glass flask unsuited for the preparation of solid extracts of 
drugs by distillation under reduced pressure? 

18. What is the usual object of the process of fractional distillation? 

19. List the types of mixtures of liquids that are commonly subjected 
to fractional distillation. 

20. The behavior of miscible liquids upon fractional distillation may fall 
into any one of three patterns. Describe fully the characteristics of 
behavior of each type of mixture. 

21. What limitation on the separation of miscible liquids that produce 
constant-boiling mixtures is observed in fractional distillation? 

22. In what way may a still further separation be attained even if a 
constant-boiling mixture of miscible liquids has been produced? 

23. What is the advantage of the use of the fractionating column in 
fractional distillation ? 

24. What special applications are made of fractional distillation under 
reduced pressure? 

25. Explain the theory of steam distillation. 

26. A hypothetical immiscible liquid A is assumed to have a boiling 
point of 190®C. and a molecular weight of 150. When subjected to steam 
distillation, the mixture has a boiling point of 95°C. The vapor pressure 
of water at 95®C. is 633.9 mm. of mercury. Calculate the proportion of 
compound A, both by volume and by weight, that will be obtained in the 
vapors coming from the distilling flask. 

27. Define the process of destructive distillation. 

28. What are the principal applications of destructive distillation? 

29. List some of the more important chemicals of pharmaceutical 
interest derived from coal tar. 

30. Explain why some solids may be sublimed upon heating, while others 
undergo fusion and ebullition before being vaporized. 

31. Explain how a solid that does not sublime ordinarily may be made 
to do so under special conditions. 
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32. Under what special conditions may a solid that normally sublimes 
be prevented from doing so and be forced to undergo fusion? 

33. Name those products of pharmaceutical interest which are usually 
purified by sublimation. 

34. Three kinds of sublimates are known. Name them and explain 
how each is formed. 

35. Why are some sublimates spoken of as flowers? 
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Chapter 12 
SOLUTIONS 


It is obvious that solutions of one kind or another play an impor¬ 
tant part in pharmacy. One author has said that many of the 
remarkable plienomena of nature are directly concerned witli 
solutions. This is particularly true in respect to biological phenom¬ 
ena, in which, to a significant degree, solutions of pharmaceutical 
substances play the important role of assistants to nature. The 
pharmacist must therefore know much about solutions. 

The word solution is applied to a mixture of two or more sub¬ 
stances so intimate that it has become physically homogeneous. 
The mixture may consist of molecules, atoms, ions, or a combination 
of all three. The distribution of each component throughout the 
other is on a molecular, atomic, or ionic basis rather than on the 
basis of particles of larger size. The percentage composition of 
solutions can be varied within wide limits without destroying their 
homogeneity. Compounds are also homogeneous, but since they 
are not mixtures their percentage composition is fixed. This fact 
gives us a good basis for the definition of a solution as a homogeneous 
mixture whose composition can be varied between wide limits. 

When speaking of solutions we say that one substance is dissolved 
in another. The dissolved substance is known as the solute, and the 
substance in which the solute is dispersed is known as the solvent 
Usually that which is present in the larger quantity is designated as 
the solvent, but the choice is purely arbitrary. Custom has decreed 
that when water is one of the ingredients in a solution it is usually 
considered the solvent. This explains why the pharmacopoeial 
mixture of 95 per cent alcohol and 5 per cent water is called a 95 per 
cent solution of alcohol in water. Another anomaly is the official 
Liquefied Phenol, which contains about 88 per cent phenol and 
12 per cent water. It is ordinarily thought of as a solution of 
phenol in water. As a matter of chemical fact, the reverse is true. 
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Nonaqueous Solvents. It might be well at this point to call 
attention to the fact that although water is the first liquid most 
individuals think of when the word solvent is mentioned, there are a 
number of other important fluids for the purpose. Since they are 
ordinarily free of water, they are called nonaqueous solvents, 

Nonaqueous solvents, while not as universally used as water, are 
nevertheless very important in pharmacy. Frequently tliey are 
called upon where water, for some chemical or physical reason, is 
unsuited. It is well, therefore, to examine every operation involv¬ 
ing solution for the possibility of finding a better solvent. Those 
most commonly used in pharmacy are alcohol, glycerin, and 
isopropyl alcohol. Many times combinations of these with water 
are more efficient than either alone. The use of hydroalcoholic 
rnenstruums in making tinctures and fluidextracts is a case in point. 

Chloroform, ether, benzin, carbon tetrachloride, benzene (CeHe), 
acetone, and carbon disulfide find much use in pharmaceutical 
chemistry but are seldom needed in prescription practice. The 
manufacturer is making use of many relatively new solvents as 
substitutes for tlic older ones like glycerin and alcohol. A number 
of these are comparatively complex ethers, esters, alcohols, and 
amiiKiS. They are properly studied in organic chemistry and are 
mentioned here only to indicate the breadth of choice in the selection 
of a solvent. 

Types of Solution. One normally thinks of solutions as being 
formed by placing a solute in a liquid solvent, because this is the 
most common type. Actually substances in any of the three states 
of matter can function as solvents as well as solutes, fe., gases, 
liquids, or solids can function as either solute or solvent. It is 
possible, therefore, to have nine types of solution, not all of n hich, 
however, are of equal importance in pharmacy. 

Solutions of Gases in Liquids. Solutions of this kind have 
frequent applications in pharmacy. Dissolved gases such as 
carbon dioxide, ammonia, and hydrogen chloride find constant 
use in the manufacturing, compounding, and administering of 
medicines. The use of carbon dioxide in solutions of nauseous or 
irritating medicines to make them palatable has become one of our 
important medical techniques. Its effectiveness as a disguiser of 



376 PRINCIPLES AND PROCESSES OF PHARMACY 


taste presumably lies in the ability of the gas as it escapes from 
solution to collect as tiny bubbles over the surface of the taste buds. 
A protective coating is thus formed, which keeps the disagreenbla 
solution away from the organs of taste. Generally speaking, the 
carbon dioxide is not introduced as such from an outside storage 
container. Instead it is generated in the mixture by means of a 
chemical reaction. This is usually brought about by a reaction 
between a bicarbonate and/or carbonate and an acid. The reaction 
involving sodium bicarbonate and citric acid is typical. 

SNaHCOa + Ha CftHsOy-^ NaaCeHsOr + 3C02 T + 3 H 2 O 

Tartaric acid (H2’C4H406) is also used in combination with citric, 
acid to furnish the hydrogen ions required for the reaction. 

The manufacture and use of the official' effervescent salts and 
of effervescent tablets are based on the value of carbon dioxide 
dissolved in water as a palatable vehicle. 

When the pharmacist is called upon to dissolve a gas in a liquid, lie 
should realize that if the gas is only moderately soluble the applica¬ 
tion of pressure, provided that the temperature remains constant, 
will facilitate solution. This is in accordance with Henry’s law, 
which states that “the weight of a gas that dissolves in a given 
liquid is directly proportional to the pressure, provided the tempera¬ 
ture remains constant.” He should also bear in mind that gases 
are less soluble in warm than in cold solvents. 

A disturbing factor, which might result in incompatibilities in 
prescriptions or other manufacturing difficulties, is the fact that 
frequently solutions of this kind acquire properties not possessed by 
either the gas or its solvent. The acquisition of acidic or basic 
properties is most common. Chlorine gas dissolved in water 
illustrates this. Some of the chlorine reacts with the solvent to 
form two acids. 

CI 2 + H 2 O HCl + HCIO 

Ammonia dissolved in water immediately forms some basic ammo¬ 
nium hydroxide. 


NHa + H2O NH4OH 
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Solutions of Liquids in Liquids. Many prescriptions are 
solutions of liquids in liquids. As the pharmacist works, he 
discovers that the liquids he uses act toward each other in one 
of two ways. Either they mix freely in all proportions, or each is 
only partly soluble with respect to the other, this partial solubility at 
times being so slight as to be considered negligible. In the former 
situation the fluids are said to be miscible with each other. Fluids 
that do not mix with each other are said to be immiscible. Alcohol 
and water are examples of miscibility, and (chloroform and water of 
imrniscibility. Water and ether represent the condition in which 
two fluids are partly miscible because each is partly soluble in the 
other. 

Two important properties of the liquids being mixed are changed 
as a result of solution. In mixing, each liquid diminishes the vapor 
pressure of tlie other so that the vapor pressure or volatility of the 
solution is never so gr('at as the sum of the original vapor pressures. 
It may be greater or less than that of either fluid, its value depending 
on the relative concentration of components. The vapor from the 
solution at a given temperature will be a mixture formed by the 
liquids having appreciable vapor pressures. Vapor pressures might 
be (considered to advantage when prescriptions for inhalation are 
being formulated. The boiling point of a solution may also be 
higher or lower than that of either of its constituents. Usually it is 
an intermediate value. The situation is further complicated by the 
fact that in general the ratio of the vapors escaping from the solution 
is not the same as the ratios of the liquids they are leaving. This 
means that the composition of the solution is changing constantly 
during boiling, resulting in a steady change in boiling point and 
variation in the composition of the vapors. Inhalation prescrip¬ 
tions therefore do not furnish constancy of medication. 

Solutions of Solids in Liquids. Solids dissolved in liquids con¬ 
stitute the majority of our true solutions. It is well to remember 
in this connection that some solids appear to dissolve in a liquid 
when in point of fact they are insoluble. The apparent solu¬ 
bility is due to a chemical reaction that takes place between the 
added substance and the liquid to form a soluble compound that 
goes into solution the instant it is formed. Zinc is said to dis- 
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solve in hydrochloric acid. Actually the acid converts the insoluble 
metal into soluble zinc chloride (ZnCh). The solution therefore 
contains zinc chloride instead of zinc. 

When making solutions of solids in liquids the pharmacist 
is often asked to saturate the solvent with the solute. Prescrip¬ 
tions for boric acid, sodium borate, and potassium iodide ordinarily 
call for saturated solutions. The manufacturing pharmacist 
frequently prepares saturated solutions by adding to the solvent an 
excess of solute and heating the mixture, with stirring. When the 
solvent has taken up all the solute it possibly can for the higher 
temperature, it is allowed to cool. At room (constant) temperature 
an equilibrium is established between the dissolved solute and its 
undissolved particles collected at the bottom of the container. 

Solid solute dissolved solute 

In this dynamic equilibrium there is a constant return of dissolved 
material to its original solid form, which is exactly balanced by 
solute molecules going into solution; for a saluraied solution results 
from the establishment of such an equilibrium between the solute 
and the solvent and is defined as one that is in equilibrium ivilh the 
undissolved solute. 

It is well to remember that each temperature has its own equilib¬ 
rium and that the quantity of solute required to saturate the solvent 
varies with temperature. Generally speaking, as the temperature 
increases, the solvent will require more solute to saturate it. A 
solution saturated at higher temperatures loses its excess solute by 
crystallization as it cools, provided that some of the solid is present at 
all times to act as a focus for crystal formation. If no solid is present 
during the cooling of a saturated solution, it occasionally happens 
that the excess solute fails to crystallize out. In such circumstances 
the solution becomes supersaturated, i.e., it contains more than the 
saturation quantity of solute for the lower temperatures. The 
introduction of the smallest quantity of solid will start crystalliza¬ 
tion. Sometimes only scratching the inner surface of the container, 
slight agitation, or even the presence of dust particles is sulBcicnt. 

Solubility. The amount of solute required to saturate a solvent 
at any given temperature and pressure is constant. Solubilities, 
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therefore, can be determined with great accuracy. The determina¬ 
tions are easily accomplished by preparing saturated solutions of the 
solute in the appropriate solvent and analyzing a given quantity of 
the solution for the amount of solute dissolved. They are ordinarily 
expressed as the number of grams of the substance required to satu¬ 
rate 100 cc. of solvent at a given temperature. Solubilities in the 
Pharmacopoeia are expressed on the basis of the number of cubic 
centimeters of solvent required to dissolve 1 Cm. of solute. The 
solubility of Barbital Sodium is given as follows: “One Cm. of 
Barbital Sodium dissolves in about 5 cc. of water and in 2.5 cc. of 
boiling water.” When speaking of the solubility of volatile oils in 
alcohol of specific strengths the Pharmacopoeia uses still another 
method of expression. In the case of Fennel Oil the Pharmacopoeia 
states: “Fennel Oil is soluble in 8 volumes of 80 per cent alcohol and 
in 1 volume of 90 per cent alcohol.” When exact solubilities are not 
known, it is common to use relative terms in speaking of this prop¬ 
erty, The Pharmacoptieia has a table of terms covering relative 
solubilities (Table 21). 

Table 21. U.S. Pharmacopoeia Terms for Belative Solubilities 


Descriptive Terms Parts of Solvent for 1 Part of Solute 

Very soluble. Less than 1 part 

Freely soluble. From 1 to 10 parts 

Soluble. From 10 to 30 parts 

Sparingly soluble. From 30 to 100 parts 

Slightly soluble. From 100 to 1,000 parts 

Very slightly soluble. From 1,000 to 10,000 parts 

Practically insoluble. More than 10,000 parts 


Factors Affecting the Solubility of Solids in Liquids. It has 

already been pointed out that changes in temperature change solubili¬ 
ties and that usually solids are more soluble in hot than in cold 
solvents. A few solids such as salt are not particularly affected, 
being almost as soluble in cold as in hot solvents. There are also 
certain compounds, notably some of the calcium preparations, that 
are more soluble in cold than in hot liquids. The official Calcium 
Hydroxide Solution must be kept in a cool rather than a warm place 
for this reason in order to maintain its proper concentration. The 
slate of subdivision of the solute is important, for a finely divided 
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solute goes into solution faster than one in large particles. Stirring 
or agitation also facilitates solution. The application of heat is an 
effective aid to solution, as has already been pointed out. Occasion¬ 
ally time can be saved by making a thick paste of the substance to be 
dissolved with only a small quantity of solvent. This procedure 
thoroughly wets the surface of each solute particle, removing 
adsorbed air, and facilitates contact with the bulk of the dissolving 
liquid later on. Circulatory displacement such as is recommended by 
the Pharmacopoeia XIII for preparing Mucilage of Acacia is particu¬ 
larly helpful with gummy substances that tend to “ball up” when 
agitated with the solvent. Actually the mucilage is made by a 
modified circulatory technique. In true circulatory displacement 
the solute is placed in a loosely woven bag near the surface of the 
solvent. As the solvent dissolves the solute, a solution of greater 
density than that of the solvent is formed. This settles to the bot¬ 
tom, which makes room for fresh solvent to come in contact with 
the undissolved solute. A circulation is set up that continues until 
solution is effected and a liquid of uniform density has been pro¬ 
duced. No mechanical agitation is necessary. 

Sometimes the solubility of a relatively insoluble substance is 
greatly increased by the presence of a third substance. For exam¬ 
ple, iodine is insoluble in water; but when it is mixed with potassium 
iodide, a solution is effected immediately. Insoluble mercuric 
iodide is made readily soluble by the presence of arsenous iodide. 
Advantage is taken of this aid in preparing the Arsenic and Mercuric 
Iodides Solution N.F. VIII. Chemicals that thus aid in dissolv¬ 
ing otherwise insoluble substances are called compound solvents. In 
the majority of cases they function by forming loose chemical com¬ 
binations with their associated solutes. The product is soluble. 
Iodine reacts with the potassium iodide to form soluble I 2 KI. 

I 2 + RI I 2 KI 

In the case of mercuric iodide the situation is apparently not 
so simple. What probably happens is shown by the following 
equations: 

2Asl8 + 6 H 2 O 2As(OH)8 + 6111 

3Hgl2 + 6 HI 3H2Hgl4 
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Solubilities are affected by the presence of substances already dis¬ 
solved in the solvent. A solvent partly or completed saturated with 
a solute will still be able to dissolve other chemicals, but only in 
reduced quantities. Occasionally it happens that continued addi¬ 
tion of the last substance eventually forces the first out of solution. 
This is called salting out. There are procedures in pharmaceutical 
manufacturing where salting out is an important step. The oppo¬ 
site phenomenon of salting in is also sometimes important. 

There is no general rule by which we can predict solubilities. It 
has been stated that substances with similarities in formulas are 
more likely to be soluble in each other, but the exceptions to this rule 
outnumber the instances of it. 

Concentration of Solutions. The pharmacist is frequently 
told to use a dilute solution of one substance and a concentrated 
solution of another. In the case of the official preparations the 
strengths are fixed; in almost all other instances the choice of con¬ 
centration is arbitrary. There is general agreement, however, that 
solutions containing only a relatively small amount of solute are 
dilute whereas those containing a relatively large amount are concen¬ 
trated. In the Pharmacopoeia most diluted acids are 10 per cent in 
strength, while diluted alcohol is nearly 50 per cent ethanol. In 
clinical work the pharmacist must use solutions whose strengths are 
expressed in chemical units of weight. ]Vft)lar solutions are typical. 
Their concentrations are given on the basis of the number of gram- 
molecular weights of solute a given volume of solution contains. 
Accordingly a molar solution (gram-molecular) is one in which one 
gram-molecular weight of solute is dissolved in a liter of solution. 
Solutions containing multiples or submultiples of one gram-molec¬ 
ular weight are spoken of as 2 molar, 0.5 molar, and so on. 

Normal solutions are likewise important in tlie clinical labora¬ 
tory. Here concentration is expressed on the basis of the number of 
grarn-equivaJeiit weights of solute contained in a stated quantity of 
solution. \ normal solution is one in which one gram-equivalent 
weight of the solute is dissolved in 1 L. of solution. Solutions of 
other normalities are said to be 2 normal, 0.1 normal, and so on, 
depending on their gram-equivalent strengths. The gram-equiva¬ 
lent weight of an element is that which is equivalent to. 1.008 Gm. 
of hydrogen or 8 Gm. of oxygen. 
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Effects Produced by Solution. Heat of Solution, In making 
a number of pharmaceutical solutions, notably saturated solu¬ 
tion of potassium iodide, the pharmacist is struck by the fact 
that the process results in an unusual cooling effect. Occasionally 
with certain other substances the opposite effect is apparent. These 
phenomena result from the fact that when any crystalline solid 
dissolves, the temperature of the solvent always changes. Gener¬ 
ally it falls, because most solids are more soluble in hot than in cold 
solvents. Heat is absorbed when they go into solution. Solids 
more soluble in cold than in hot solvents cause the evolution of heat 
as they dissolve. Heat so absorbed or evolved is called heat of 
solution. It is quantitatively defined as the heat taken up or 
evolved when 1 Grn, equivalent of solute is dissolved in sufficient 
solvent to make an infinitely dilute solution. Ileal of dilution is 
that heat absorbed or evolved when a concentrated solution is 
diluted. 

It is possible for heat of solution to be masked by the heat of 
reaction evolved when the solute forms a stable compound with 
the solvent. One of the common illustrations is the heat formed 
when anhydrous CaCh takes up water to become CaCl2-6H20. 

Lowering of the Freezing Point of the Solvent. Solutes, particu¬ 
larly solids, depress the freezing point of their solvent. In the 
case of nonelectrolytes thfre is sufficient regularity in the depression 
so that molecular weights can be determined by it. We know that 
if a gram-molecular weight of any nonelectrolyte solute is dissolved in a 
definite weight of a given solvent, the freezing point of the solvent is 
lowered by a fixed amount. This is known as RaouWs law. Elec¬ 
trolytes, because of the conditions controlling their degree of ioniza¬ 
tion, do not display this regularity. 

Lowering of the Vapor Pressure of the Solvent, The vapor pressure 
of a solvent is depressed in a manner similar to the lowering of the 
freezing point. Raoult’s law covering this phenomenon states that 
a molecular weight of a solute dissolved in a definite weight of a solvent 
will depress its vapor pressure a fixed amount. The solute must not 
be an electrolyte or a liquid with a sensible vapor pressure. 

Elevation of the Boiling Point. It is obvious that if a solute 
lowers the vapor pressure of a solvent it must at the same time 
raise iti ixiiling point, and with an equal degree of constancy. 
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Osmosis. From the medical point of view this is a most 
important phenomenon. Life could not continue without it, and 
many medicines would be unable to fulfill their functions. While 
the pharmacist scarcely ever uses osmosis in his prescription work, 
many of his preparations act on the patient because of it. The 
phenomenon results from the tendency of a solute to distribute itself 
uniformly throughout the solvent. If this diffusion is prevented, 
ti»e effect, or force, of the diffusing tendency can be both observed 
and measured. The force that brings about this diffusion is called 
osmotic pressure. In order to determine its presence and magnitude, 
use is made of a partition that allows the free passage of the solvent 
rnolt^cules, but not those of the solute, between the solution and a 
surrounding quantity of pure solvent. Such partitions are called 
semipermeahle membranes. They can be artificially prepared by pre¬ 
cipitating cupric ferrocyanide (Cu 2 Fe(C]N) 6 ) within the porous wall 
of an unglazed pottery cup or by forming a collodion bag. Many 
naturally occurring membranes such as cell walls are semipermeable. 

If a semipermeable membrane is placed over an inverted funnel as 
shown in Fig, 91, the resulting cell filled with a concentrated sugar 
solution, and the beaker filled witli pure watei*, we have an apparatus 
that shows graphically how osmosis aTid osmotic pressure function. 
The water molecules pass freely through the membrane, but the 
sugar molecules are restrained. In order to establish uniformity of 
concentration, water molecules must pass into the solution at a 
faster rate than they return. This naturally results in an increased 
volume within the solution chamber, which is demonstrated by the 
increase in the height of the column of fluid in the stem of the 
funnel. Equilibrium is finally reached when the water passes 
both ways with equal speed, and the level of the solution ‘'eases 
to rise. To recapitulate, the passage of the solvent through the 
membrane is osmosis, and the force exerted as a result is osmotic 
pressure. 

Eutectic Mixtures. When solutions are cooled sufficiently, 
crystallization of the solvent takes place. As the pure solvent 
freezes out of solution, the concentration of the solute increases 
and the freezing point of the solution lowers. Obviously, continued 
cooling results in increased concentration of the solute, and eventu¬ 
ally it becomes saturated with respect to the solvent. At this point 
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both solvent and solute crystallize out and do so in the same propor¬ 
tion as they exist in the resulting solution. From then on, there is 
no change in concentrations or temperature. The solution is now 
called a eutectic mixture, and the temperature at which it was 
produced (its freezing point) is the eutectic temperature. The 



Semi permeable membrane o^er 
mouih of funnel 

Fio. 91. The effect of osmosis and its resulting osmotic pressure. 


resulting solid, made up of crystals of solute and solvent in a fixed 
ratio, is a eutectic. Advantage is taken of eutectic temperatures in 
the production of freezing mixtures whose temperatures are much 
lower than that o£ice water. Some of the common mixtures for this 
purpose are ice and salt, with a eutectic point of ~22.4®C., ice and 
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sodium nitrate ( — 18.5®C.), and ice and calcium chloride ( — 54.9°C.). 

In prescription work a number of compounds, when mixed with 
certain other compounds in the dry state, tend to form a moist 
mass that in extreme cases becomes quite fluid. Organic com¬ 
pounds are particularly susceptible to this reaction, which is 
apparently in no way related to deliquescence but rather is con¬ 
sidered to be the formation of a partial eutectic, although there is a 
dilTerence of opinion among physical chemists concerning the valid¬ 
ity of this designation as a generally descriptive term. Undoubtedly 
the potentialities of a eutectic exist in any of the systems mentioned 
above, but whether the conditions in a given prescription will 
ultimately produce one is open to question. Only experiment can 
give the answer. A eutectic is usually considered to be the intimate 
mixture of two phases that separates out at the lowest temperature 
permitting the existence of the parent liquid. In the case of 
so-called ‘‘eutectic prescription,'* the “eutectic solution’* probably 
iiev(ir is cooled to the point where a eutectic mixture separates out. 

Law of Partition and the Use of Immiscible Solvents in 
Extraction. Sometimes it is desirable to remove a solute from 
solution by the use of a second solvent. This is possible provided 
that the solute is soluble in both solvents and that the solvents are 
immiscible with each other. The process is called extraction or 
extraction by means of immiscible solvents. It is based on the fact 
that when a solute is added to two immiscible liquids in contact with 
('ach other, upon agitation of the mixture it will distribute itself 
l>etween the liquids in the ratio of its solubility in each separately. 
The commonly used illustration of this is the ether-iodine-water 
system. If ether is added to a solution of iodine in water and the 
system agitated, as soon as equilibrium is restored it will be found 
that the greater part of the iodine is now in the ether layer. Iodine 
is approximately two hundred times more soluble in ether than in 
water. It will distribute itself between the two solvents in this 
ratio. A statement of this fact is known as the law of partition. 
Commonly it is phrased as follows: A solute will distribute itself 
between two solvents so that the ratio of Us concentration in each is equal 
to the ratio of its solubility in each. 

In the equilibrium system ether-iodine-water we ' have this 
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situation: h in water, h in ether. The distribution ratio is CI2* in 
etber/Cl2 in water = 200/1, From this a distribution equation 
follows: CI2 in ether/Cl2 in water = K, A general equation would 
be C1/C2 ^ K, K is referred to as the dislribiition ratio, distribution 
coefficient, partition coefficient, or distribution constant. Although K 
is considered to be a constant, there are often measurable deviations 
from it because of factors such as ionization, molecular associations 
and disassociations, and chemical reactions. 

If equal volumes of ether and water are used in the system under 
discussion, it is possible to remove practically all the iodine from the 
water phase in three extractions. Use of this principle is extensive 
in alkaloidal assay procedures and in the extraction of drugs and 
volatile oils from plants. 

It can be demonstrated mathematically that it is better to 
extract a liquid with several small portions of solvent rather than 
one large portion. The total amount of solvent used can be 
materially reduced and the thoroughness of extraction maintained 
or improved. Using the general formula C1/C2 = K, where K is 
known for the extraction system under consideration, we have 

r = r = - _LzA_ 

^ cc. of solvent ^ cc. of solvent 2 


Substituting,: 


X/cc, of solvent 1 


= K, With values known for 


1 — X/cc, of solvent 2 
all factors except X (the amount of solute extracted by solvent 1), 
its value is easily determined. 

C 

The equation ^ = if can be used to tell the operator how close 
C 2 


he is to theoretically perfect extraction with any particular portion 
of immiscible solvent in a series. It is of course necessary previ¬ 
ously to determine K by experiment for the system being used. 
If, in an acid water-ether system, a solute distributed itself so 
C 

that the ratio 7^ = 7 , where Ci is the concentration of the solute in 
O2 

ether and C2 in acid water, how much solute would be extracted 


♦ C « concentration. 

t X is the amount of solute extracted by solvent 1. 
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from 100 cc. of acid water solution containing 1 Gm. of solute by 
three separate 50-cc. portions of ether? In this case, if 


then 


C 2 


7 


x/so 

1 - ;\^/ioo 


where X is the amount of solute in the ether and 1 
iiig in the acid water. Solving, X — 0.777 Gm. 
lirst 50 cc. of ether. 


Cl 

C2 


7 


— X that remain- 
extracted by the 


So 

^1/50 _ 

(0.223 - X^)/l00 


where Xi is the arnounl of solute extracted by the second extraction. 


.Yi = 0.173 Gm. 


The equation for tlie third extraction would be 

^2/50 __ ^ 

(0.050 - ^2)7100 

X 2 = 0.039 Gm. The sum of tlie three extractions would be 


^ = 0.777 Gm. 

= 0.173 Gm. 
X 2 = 0.039 Gm. 
Total = 0.989 Gm. 


According to the equation 


X/150 


_ ;^)/100 “ extraction wit h the 

entire 150 cc. of ether would yield only 0.913 Gm. of solute. 

Ionization. In chemistry it can be demonstrated that under 
certain conditions some compounds dissociate into particles carrying 
electric charges. This is especially true of substances in solution. 
These charged particles are capable of acting as ferries for electrical 
currents. The parent substances are called electrolytes. The 
charged particles are called ions. If the charge is negative they are 
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known as anions. If the charge is positive they are called cations. 
Ionization is the name given to the dissociation that furnishes the 
particles. It will be recalled that while many compounds dissociate 
they do not all break up with equal thoroughness or to the same 
degree. The dissociation for some is much more complete at a 
given dilution than it is Ibr others. Compounds ionizing strongly 
are called strong electrolytes. Weak electrolytes are those which ionize 
slightly. It must be remembered, too, that a large number of com¬ 
pounds, particularly organic compounds, do not ionize. Their solu¬ 
tions are not capable of conducting an electric current, and so they 
are called nonelectrolytes, or covalent compounds. 

Conditions that influence the degree of ionization are important. 
Briefly, these are temperature, nature of the solute, nature of the 
solvent, and dilution. Knowledge concerning the way in which 
each of these factors exerts its influence is important to the pharma¬ 
cist whenever he attempts to control the course of an ionization. 
It is important also for him to be familiar with the abnormahties 
produced in the action of solutions of electrolytes because of the 
irregular increase in particle concentration brought about by ioniza¬ 
tion. The vapor pressure and freezing points of electrolytic solu¬ 
tions are depressed to an abnormal degree. As the vapor pressure 
is lowered abnormally, the boiling point must be raised. This rise 
is as abnormal as the degree of lowering of the vapor pressure. 
Since the osmotic pressure of a solution is also directly proportional 
to the number of dissolved particles present, it too is abnormal where 
electrolytic solutions are concerned. 

The significance of ionization to pharmacy is great. Many of 
our medicines would not function unless they were ionized. Ionto¬ 
phoresis would certainly not be possible. None of the official acids 
or bases would have value unless their solutions had the properties 
contributed by either hydrogen or hydroxyl ions, respectively. 
Many of the salts used in medicine would not function as therapeutic 
agents unless they could dissociate, e,g,, the astringent properties of 
the soluble zinc salts would be lost if no zinc ions could be produced. 
The antiseptic qualities of certain silver compounds would disappear 
if the formation of silver ion was not possible. Many clinical 
tests, valuable in modern diagnosis, would not be usable without 
ionization. 
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pH. In chemical work it is frequently necessary to know the 
concentrations of hydrogen or hydroxyl ions. The acidity or alka¬ 
linity of preparations is generally accepted as being directly propor¬ 
tional to their respective numerical strengths. Solutions are often 
stable only at one concentration of hydrogen ion, or a reaction will 
not take place unless a definite strength of hydroxyl ions is achieved. 
There are many other situations that are unsatisfactory for one 
chemical reason or another if the concentrations of these two impor- 
tant ions are not precisely adjusted. In writing manuals of opera¬ 
tion, directions for preservation, monographs on assay procedures, 
etc., constant mention of hydrogen-ion concentration must be made. 
The hydroxyl-ion strength can be arrived at by inference if the acid- 
ion concentration is known. 

It would be awkward to express the concentration of either ion in 
gram ions per liter. The figures required would be many and would 
involve the use of decimal fractions carried out as far as the four¬ 
teenth place. The gram-ion concentration of hydrogen ion in pure 
water is 0.0000001 gram ion per liter. The gram-ion concentration 
of hydrogen in acids that are very dilute can be on the order of 
0.000000000001 per liter. Figures such as these might very easily 
lead to costly errors in calculation. Some less tedious method of 
expression is highly desirable. 

Sorenson, in 1909, devised a satisfactory simplified form of expres¬ 
sion for the values based on logarithms. He called it pHj meaning 
potential of hydrogen. In any given solution, as the total concen¬ 
tration of increases or decreases, the concentration of OH"" 
changes by an equivalent amount in the opposite direction. It 
follows, therefore, that if one value is known the other is easily cal¬ 
culated; so Sorenson’s system concerns itself directly only with the 
concentration of the hydrogen ion. It expresses the gram-ion 
concentration per liter of hydrogen ions as the logarithm of their 
reciprocals. The gram-ion concentration per liter of the hydrogen 
in pure water is 0.0000001. Accordingly, the pH of water would 
be the logarithm of the reciprocal of 0.0000001. The equation is 

pH = logj^ 

= - log [H+] 
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where (H+) stands for the concentration of the ion. In substituting, 
the formula becomes 

SO the pH of pure water is 7. Since pure water is neutral in reaction, 
a pH of 7 represents neutrality. Acid solutions have pH values 
below 7 and alkaline solutions above 7. The total range is between 
0 and 14. The relationship between pH values and the concentra¬ 
tions of hydrogen and hydroxyl ions are shown in Table 22. 


Table 22. Relationship between pH and the Concentration of and 

OIf“ Ions 





1 Concentration of 

I Concentration of 

1 


Reaction 

pii 

ir^, grain ions 

gram ions 





per liter 

per liter 




/ ^ 

1 

10 - 1 ^ 

14 



I 1 

10-1 

10-13 

13 



1 2 

10-2 

10-12 

12 

Increasing acidity 

< 3 

10-3 

10 -” 

11 




10-4 

10-10 

10 



( 5 

10-3 

10 -» 

9 



\ ^ 

io-« 

10-8 

8 

_A._Ifx- 1 

_Y_ 




IN 6iii«rfliix'y 


lU 

lU ' 

_Y_ 




io-« 

10-3 

6 



1 9 

io-» 

10-3 

5 



no 

10-10 

10-3 

4 

Increasing alkalinity 

<11 

10-11 

10-3 

3 



)l2 

10-12 

10-3 

2 




10-13 

10-1 

1 



\l4 

10 - 1 ^ 

1 

0 


From Table 22 it will be seen that the stronger the acid, the lower 
its pH value and that, conversely, the stronger an alkali, the higher 
its pH value. As an acid or base becomes weaker, its pH approaches 
the middle value of 7, which is neutrality. 

pH values are now determined by two basic procedures. One is 
electrometric and requires the use of electrodes and a potentiometer. 
The other involves the use of colors and so is called colorimetric. 
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Determinations by either are simple enough to be routine for even 
untrained persons, although a comprehension of the principles 
involved requires some knowledge of chemistry and physics. 

Potentiometers for electrometric determinations enable the oper¬ 
ator to balance the electric potential of a glass electrode bathed in 
the unknown solution with that of a standard cell of known poten¬ 
tial. As the potential of the glass electrode depends upon the 
hydrogen-ion concentration of the solution surrounding it, only a 
simple calculation is needed to convert the potentiometer reading 
into terms of pH. The modern pH meters furnish the operator 
with direct readings in pH, so that calculations are not necessary. 

Colorimetric procedures are based upon the matching of colors. 
The usual equipment for this is a series of small glass tubes in which 
are sealed colored solutions of known pH values. These are the 
standards. They are prepared by placing a solution of known pH 
in one of the tubes and then adding a suitable indicator to color it. 

Indicators are compounds that vary in color depending on the 
hydrogen-ion concentration, or pH, of their solutions. The change 
in color is dependent on the fact that the compound can exist in two 
interchangeable forms, each having a characteristic color. In the 
case of phenolphthalein (Ph) the (change is ionic. The undissociated 
molecule is colorless, and the complex ion formed by ionization is 
red. 

HPh H+ + Ph- 

colorless red 

As acid is added to a solution, the hydrogen is increased, which 
forces the reaction to the left, tending to form a colorless solution. 
Addition of alkaline substances, conversely, forces tlie reaction to 
the right, producing more colored Ph” ions. If enough colored ions 
are liberated the solution becomes decidedly red. It is apparent 
that a transition stage must exist between a completely colorless 
solution containing largely molecular phenolphthalein and a bril- 
Uaiitly red solution containing chiefly the dissociated indicator. 
The first perceptible tinge of red appears at a pH of 8.4 and increases 
in intensity to a pH of 10.5. Further addition of alkali fails to 
deepen the color. Acids reverse the color change from the maxi¬ 
mum red at pH 10.5 to its disappearance at pH 8.4. The pH range 
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of 8.4 to 10.5 is called the transition interval for phenolphthalein. 
Other indicators have their characteristic transition intervals. 
These vary from a range as low as 0.2 to 1.8 for acid cresol red to 9.3 
to 10.5 for thymolphthaleiii. Thus it is possible to have a series of 
colored solutions that will indicate almost any pH value. For the 
convenience of the analyst the Pharmacopoeia includes a table of 
pH indicators having a range sufficiently broad for most determina¬ 
tions (Table 23). 

Table 23. pH Indicators 


Indicator 

pH Kange 

Color (‘haiige 

Solvent 

Methyl yellow. 

2.9-4.0 

Red-yellow 

Alcohol 

Bromophenol blue. 

3.0-4.6 

Y ellow-blue 

:$.0 cc. 0.0r>Af NaOH 

Bromocresol green. 

3.8-5.4 

Yellow-blue 

7.2 cc. 0 OSAT NaOH 

Methyl red. 

4.2-6.3 

Red-yellow 

7.4 X. 0.0r>N NaOH 

Bromocresol purple. 

52-6.8 

Yello w-purple 

3.7 cc. 0.0.3N NaOH 

Bromothymol blue. 

6.0-7.6 

Yellow-blue 

3.2 cc. 0.05N NaOH 

Phenol red. 

6.8-8.4 

Yellow-red 

5.7 cc. 0.05N NaOH 

Thymol blue. 

8.0-9.6 

Yellow-blue 

1.3 cc. 0.05N NaOH 

Thymolphthalein. 

9.3-10.5 

Colorless-blue 

Alcoliol 


Indicators for colorimetric determinations of pll such as those listed in 
Table 23 are usually weak acids, although some behave as weak bases. The 
U.S.P. XIII directs that solutions of the basic type and the plilhaleins shall be 
prepared with alcohol as the solvent. Those containing an ac id group must 
first be neutralized with sodium hydroxide (NaOH). The concentration of the 
indicator solution is normally 0.5 per cent. The solutions should be preserved 
in tightly stoppered bottles protected from light. Color standards prepared 
from them should be changed every year or two in order to maintain constancy 
of tone or intensity. 

In each of the remaining tubes of the series a solution of known 
but different pH is placed and colored with the particular indicator 
suitable for its degree of acidity. The series now represents a range 
of indicator colors produced by known hydrogen-ion concentrations. 
Samples of the unknown solutions are treated in the same way with 
the selected indicators. By matching the colors so produced with 
those in the tubes of known pH values, the value for the unknown 
can be approximately determined. Sets of standards already pre¬ 
pared can be purchased from scientific supply houses. As the tubes 
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are often held in blocklike racks, they are frequently called com¬ 
parator blocks. 

Since students frequently have difficulty calculating pH from H+ 
concentration and the converse, hydrogen concentration from pH, 
the following demonstration problems are offered as guides: 

1 . Calculate the pH of a solution containing 0.0001 gram-ion 
equivalents of hydrogen per liter (0.0001 AO- 

Solution: 

pH = log of the reciprocal of tlie H"*^ concentration 
Therefore, 

plf = log of = los of 10,000 = 4 

pH = 4 

Tlie gram-ion concentration of hydrogen could also have been 
writltui 1 X 10-^ in which case the reciprocal would have been 
1/(1 X 10~4). 

2 . Calculate the pH of a solution containing 0.000043 gram-ion 
equivalents of hydrogen per liter (0.000043A^). Values of this sort 
are usually expressed as a number multiplied by a power of 10. In 
this problem, 0,000043 could be written as 4.3 X 10“^ 

Solution: 

pH = log of the reciprocal of the hydrogen-ion concentration 
Therefore, 

pH - 4.36 

Calculation of the hydrogen-ion concentration from pH is illus¬ 
trated by the next problem. 

3. Calculate the hydrogen-iou concentration of a solution having 
a pH of 4,0. 

Solution: 

pH = log jp 

4 = log ij;: 
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Therefore, 

= antilog of 4.0 = 10,000 

(Antilog of 4 = 10,000) 

11 + = 0.0001 gram ion per liter 

4 . Calculate the hydronium ion concentration of a solution with a 
pH of 9.63. 


Solution: 

pH = 9.63 = log 


log 1 = 10 - 10 


log 11+ 


9.63 

0;37 - 10 


Antilog of 0.37 - 10 = 2..35 X 10-'» = H+ 


5. Calculate the hydrogen-ion concentration of a solution with a 

pH = 1,08. 


Solution: 


pH = 1.08 = log IP 
log 1 = 
log H+ = 


10 - 10 
1.08 


8.92 - 10 
Antilog of 8.92 = 8.32 X lO"’* = H+ 


Buffers. In pharmacy there are many situations in which it is 
highly desirable or perhaps absolutely necessary to maintain pH 
values within certain narrow limits. Some medicinals are stable 
only if their hydrogen-ion concentration is kept approximately at 
optimum level. Others function best in one pH range and are 
relatively inefficient in others. Some cause pain and discomfort 
when used by the patient unless the pH is properly adjusted. This 
is particularly true of parenteral solutions, eye washes (collyria), and 
nose drops and sprays (nebulae). Other instances in which main¬ 
tenance of a definite acidity or alkalinity is important could be 
cited almost without limit. 

Under certain conditions this control is automatic. Ionization is 
self-limiting in a stable situation in which the chemical system 
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involved is not subject to change. A solution of hydrogen chloride 
in water in which the factors of dilution and temperature are 
constant reaches an eciuilibrium between the undissociated hydrogen 
chloride and its ions. 


HCl ^ Ii+, Cl- 

So long as there is no interference due to outside influences, the 
(‘(luilibriurn is maintained and the pH of the solution is constant. 

Many of the chemical systems dealt with in pharmacy can 
have little or no freedom from outside influences. They are 
continually subject to change. When these changes alter acidity or 
alkalinity in an unfavorable direction, the pharmacist should make 
tivery effort to combat them. Some of his most important aids are 
buffer solutions. Their function is to resist changes in pll brought 
about by the addition of some offending chemical. This they 
accomplish by combining with it in such a way as to neutralize its 
effect, ("hemicals tending to raise or lower hydrogen-ion con¬ 
centration do not necessarily find their way into the solution from 
the outside. They can be formed through natural circumstances 
within the system. Water carefully distilled in tin stills is neutral. 
If it is stored in soft glass containers for any length of time it tends 
to become alkaline owing to the solution and ionization of the 
alkaline constituents of the glass. 

A good way to maintain a definite pH level against the onslaught 
of a substance that tends to alter it is to add a protective chemical 
that withdraws the offending acidic or bavsic ions by combining 
with them to form nonionized or slightly ionized but still soluble 
compounds. Generally this can be done for solutions that are 
not too strongly acidic by adding a salt of a weak acid. So»nc of 
the weak acid that produced the salt may be added also. Sodium 
acetate and acetic acid make one of the popular combinations of 
this kind. Similarly, for control of solutions on the alkaline 
side of neutrality, a salt of a weak base, either by itself or with 
some of the weak base, can be added. An ammonium chloride- 
ammonium hydroxide mixture would serve. 

One of the most important natural buffer systems is found in the 
blood. Here salts of phosphoric acid play a large part in main- 
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taining the alkalinity of the blood at about a pH of 7.35. As even 
shght variations on either side of 7.35 result in considerable physical 
distress, the buffer system must work efficiently at all times in order 
to preserve health. The part the salts of phosphoric acid play in 
this necessary biochemical function is simply explained on the basis 
of ionization. Phosphoric acid, a relatively weak acid, has three 
series of salts, >\hich in the case of its combination with sodium 
ionize in the following ways: 

NaH 2 P 04 (primary sodium phosphate) —> Na*^ + H 2 P 04 "" 

W + HPOr- + POr 

Na 2 HP 04 (secondary sodium phosphate) —> 2\a+ + nP 04 ~“ —^ 

H+ + PO 4 - - 

Na 3 P 04 (tertiary or normal sodium phosphate) —> 3Na+ + P 04 ~~ 

The PO4 tends to form the less ionized 11 P 04 ““ by combining 
with some of the coming from the water fraction of th(‘ solution. 
This increases the concentration qf the OH“, raising the alkalinity. 
The HPO4 — ions furnished by Na 2 HP 04 tend to unite with the H+ 
from the water and become H 2 P 04 “. Again the solutions tend to 
become alkaline. The H2PO4” ions from primary potassium phos¬ 
phate have little tendency toward accumulation of more IH; iastead 
they increase the acidity of the solution slightly. Since two of the 
salts make alkaline solutions and one an acid solution, combinations 
can be put together that produce definite, comparatively stable pH 
values and maintain them. Their action is due to the abilit> of 
their ions to combine with hydrogen to form slightly ionized sub¬ 
stances. In blood, only the primary and secondary phosphates 
play any appreciable part as buffers. They are augmented by car¬ 
bonates. hemoglobin, and oxyhemoglobin. 

A number of formulas for buffer mixtures have been published. 
Widely publicized examples are the mixtures of (dark and Lubs 
found in the Pharmacopoeia XIII (see pages 871 to 873). With 
them pH values from 1.1 to 10 can be established. 

A word about some of the newer concepts of acids and bases is 
appropriate at this point in order to remind the student that quite 
a number of substances show acidic and basic properties without at 
the same time producing either hydrogen or hydroxyl ions. In 
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order to explain these anomalies, Bronsted* defined an acid as any 
substance capable of giving up or transferring protons. A base, 
therefore, is any substance able to combine with protons. Ehret^ 
has simplified this definition to “an acid is a donor of protons, a base 
an acceptor of protons.” 

According to this theory, an acid must be a hydrogen-containing 
compound in order to furnish protons foi transfer or sharing, but 
there is no corresponding single constituent common to bases. Any 
anion can be regarded as a base. Some substances such as HCOs", 
1 [S 04 “, and II 2 O, are capable of functioning as either acid or base 
because they can both give up and accept a proton. They are 
amphiprofic. 

HCO3- (acid) H+ + CO3— 

HCO3- (base) + H+ H2 CO3 

HSO4- (acid) + SO4— 

HSO4 ibase) + H2SO4 

H2O (acid) - + OH- 

H 2 O (base) + H+ —► H 3 O+ (hydronium, or oxonium) 

The strength of an acid is measured by its tendency to lose pro¬ 
tons and, conversely, the strength of a base by its willingness to 
accept protons. The process of proton transfer is known as proto- 
lysis, and the reactions involved are protolyiic. 

Two other conclusions should be noted. First, hydronium ion 
is the characteristic acid of aqueous solutions, since all other acids 
in water solutions produce at least some HsO". Second, hydroxyl 
ion is the characteristic base of aqueous solutions, because other 
alkalies yield OH” ions in water solutions. 

Another interesting conjecture concerning the nature of acids and 
bases was put forth by (i. N. Lewis in 1923. He defines an acid as 
a substance whose molecule can accept a pair of electrons to form a 
coordinate bond. A base would therefore be a substance whose 
molecule could offer a pair of electrons for the same purpose. 

^ A Dutch chemist who proposed his theory in 1923. The English chemist 
Lowry made essentially the same proposals but apparently was not so energetic 
in their support or exploration. 

* Ehret, in Smith’s “College Chemistry,” 6th ed., p. 278. 
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Neither the BrCnsted nor the Lewis theory is at present widely 
taught in elementary courses. The Arrhenius theory serves ade¬ 
quately to teach the first fundamentals of chemistry. 

Use of the hydronium or oxoniurn ion is also still restricted, 
receiving scarely more than a mention in many elementary texts 
about chemistry. It is formed by the hydrotion of a hydrogen ion. 
This can be shown by means of electronic formulas. 

H .. r I? r r.. ] 

• H :0: + H;a; 

ii 

Isotonic Solutions. Solutions dropp)ed in the eyes or the nose 
or used parenterally by subcutaneous, intramuscular, or other forms 
of injection, where they come in intimate contact with fluids of the 
body or tissues bathed by these fluids, can cause great irritation and 
sometimes do permanent damage if th(‘y do not have approximately 
the same osmotic pressure as the fluids with which they are to mix. 
Osmotic pressure is due to particles dissolved in a liquid. Its 
strength depends upon the number of particles per unit of volume. 
As these increase, so does the osmotic pressure of the solution. 
When two miscible fluids are mixed, there is immediate uniform 
dispersion of the dissolved particles of each through the mixture. 
The osmotic pressure of each solution has been given up in favor of 
the new pressure possessed by the mixture. 

If these solutions had been separated by a semipermeable mem¬ 
brane, the transition would be much slower from a situation where 
there were two separate osmotic pressures to one where only a single 
but new pressure is maintained. To bring about one pressure, the 
number of the solute particles on each side of the membrane per 
unit of volume would have to be equalized by passage of solvent 
from the side of greater dilution through to the side of higher con¬ 
centration. This is, naturally, a slow process and may never bi^ 
accomplished if there is lack of solvent on the more dilute side of the 
membrane. 

Let us suppose that, instead of a laboratory set up to show the 
e(^alization of pressures, a tissue cell is bathed by a concentrated 
salt solution. The cell wall is a semipermeable membrane, and it 
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will permit the passage of fluid from the cell to the salt solution in 
order to equalize the particle concentration per unit of volume on 
each side, so that the osmotic pressures of the enclosed and bathing 
fluids will be the same. As a result of this fluid transfer the cell 
loses water and shrinks. If the shrinkage continues or becomes 
permanent, the functions of the cell are impaired or completely 
destroyed. The reduction in activity is frequently accompanied by 
pain experienced by the patient. A bathing fluid less concentrated 
with solute particles than the cell causes a flow of diluting solvent 
into the latter, with the result that the cell swells. The diluting 
process may even fill it to the point of bursting. Pain may again be 
the accompanying phenomenon. These are small-scale examples 
of the situations that arise when solutions having osmotic pressures 
diflercnt from body fluids are mixed with them. This is one of the 
main reasons why injections sometimes hurt or smart until absorp¬ 
tion is complete. 

Solutions that are lower with respect to osmotic pressure than 
those with which they are to be combined are called hypotonic solu¬ 
tions. Solutions that are higher are called hypertonic. Solutions 
which, for all practical purposes, are equal to those with which they 
are to be mixed are called isotonic. The manufacture of isotonic 
preparations is an essential part of pharmacy. Their use in medi¬ 
cine can make for more comfortable parenteral injections or dropper 
instillations. 

To make one solution isotonic with another it is first necessary to 
have a basis for comparing the values of their respective osmotic 
pressures. This can be done by comparing the freezing points of 
each. Like osmotic pressures, freezing points of solutions are 
dependent on the number of particles contained. An increase in 
the number of particles lowers the freezing point, the amount of 
depression being proportional to the number added. Blood freezes 
at — 0.56°C. To make a salt solution isotonic with blood, enough 
sodium chloride (Nad) is added to lower its freezing point to 
— 0.56®C,, indicating that its active particle concentration is now 
approximately that of the blood. The salt solution can now be 
added to the circulating blood without altering the latter’s osmotic 
pressure. Thus the mixture will not disturb the normal fluid 
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exchange between the blood and the cells it bathes. Tables have 
been prepared giving the freezing points of some dilute solutions 
having a possible use as parenteral injections or instillations, but 
they are only fragmentary in scope and so are of little real value. 
What is really necessary is that the freezing points of usable concen¬ 
trations of the new drugs constantly appearing on the market that 
might find their way into isotonic solutions should be continuously 
determined and recorded. Tables so extended would furnish the 
pharmacist with sufficiently complete data to be worth while. 

Perhaps an easier way to calculate how much of a given substance 
will be required to give one solution approximately the same particle 
concentration, or osmotic reference pressure, as another is the one 
publicized by Nicola^ in 1921. It has subsequently found its way 
into a number of texts. The osmotic pressure of the solution to 
which the new solution is to be added must be known or at least 
must be given a value. This is necessary so that the new solution 
can be built up to an equivalent value. The first requirement is 
easily met in medicine, for there are comparatively few fiuids in the 
body with which injections or instillations can be mixed. It is nec¬ 
essary only to determine their osmotic pressures and to state these 
in terms that can be met by the new solution. The terms are called 
osmotic factors or isotonic factors. The problem then is to duplicate 
in the new solution the osmotic factor of the body fluid or other 
liquid with which it is to be mixed. 

Blood, Nicola said, has an osmotic pressure equivalent to that of a 
sodium chloride solution containing about 0.85 Gin. in each 100 cc.^ 
The osmotic factor of blood is based on this relationship and is 
arrived at in the following calculation: 

Osmotic factor 

— 0*85 (Gm. of NaCl in 100 cc.) X 1»86 (disvsoc. const, of NaCl) 
58.5 (molecular weight of NaCl) 

The value for this equation is 0.027026. All solutions for injection 
into the blood stream must possess approximately this osmotic 

^ E. Nicola. Giorn. farm. chim. 70, 57 (1921). 

* The U.S.P. XIII value is 0.9 Gm. per 100 cc. 
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factor in order to be isotonic. Since the value is for blood, it is 
sometimes referred to as the serum isotonic factor. 

To arrive at the osmotic factor for any other solution it is neces¬ 
sary only to know the amount of sodium chloride required to give 
a unit volume of water an equivalent osmotic pressure. Substitute 
this weight in grams in the formula above for the 0.85 and solve. 
Tear secretions, for example, freeze at about — 0.80°C., correspond¬ 
ing to the freezing point of a salt solution containing 1.4 Gm. of 
sodium chloride in 100 cc. of water. The osmotic pressures of these 
solutions are nearly identical; so the osmotic factor of one would be 
the osmotic factor of the other. Therefore, substituting 1.4 Gm. in 
the formula under discussion, we have 

Osmotic factor = —^ = 0.04307 

which is the osmotic factor for either tear secretions or a salt solution 
of equivalent concentration. Any solution whose particle concen¬ 
tration per unit of volume is such as to furnish this value will b<^ 
isotonic with either. Solutions for instillation into the eyes should, 
in the opinion of many researchers, be prepared so that they possess 
this factor. 

One difficulty of Nicola’s^ method is the use of dissociation con¬ 
stants. They are not always readily available, and they vary with 
(;onditions. Husa- has simplified this problem in a practical way 
by assuming complete dissociation in most instances.^ Thus when 
sodium chloride is involved, every molecule is assumed to form two 
ions. Its dissociation value is 2. Organic molecules that do not 
dissociate have 1 for their values. Weak electrolytes such as boric 
acid are treated as nondissociating organic compounds. Although 
this introduces values for osmotic factors that are not in exact 
mathematical agreement with those furnished by the Nicola formula 
the therapeutic effect of the difference is considered inconsequential. 

^ Nicola. Loc. ciL 

* W. J. Husa and Oscar A. Rossi. J. Am. Pharm. As.^oc. ScL Ed. 31, 270-7 
(1942). 

^ For other sitnplified calculations refer to the paper by J. M. Wills, J. Am. 
Pharm. Assoc. Pract. Pharm. Ed. 5, 99-106 (1944). 
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Knowing the osmotic factor of the fluid to be treated is only part 
of the picture, for it simply tells the manufacturer the value to which 
he must adjust his solution to make it isotonic with the fluid. He 
must next calculate the osmotic factor of his solution before any¬ 
thing is added to make the adjustment. Suppose he wants to pre¬ 
pare a I per cent solution of cocaine hydrochloride that will be 
isotonic with the blood. As a beginning, he knows the osmotic 
factor of blood according to Nicola’s formula to be 0.027026. He 
next determines, by the same formula that gave him this value, the 
osmotic factor for the 1 per cent cocaine hydrochloride solution. 

Osmotic factor 

_ 1 ((irn. of cocaine HCl in 100 cc.) X 1.5 (dissoc. const.) 

339.6 (molecular weight cocaine IICl) 

- 0.001417 

This indicates that there is a great dilTerence in osmotic factors 
between blood and the cocaine solution, which will have to be 
adjusted by adding a salt such as sodium chloride to the latter. 
The difference in factors to be made up, 0.022609 (0.027026 — 
0.004417), constitutes a new osmotic factor known usually as the 
differential osmotic factor. In this problem, if the manufacturer 
wishes to use sodium chloride to build up the particle concentration 
of his cocaine hydrochloride solution so that it has the same tonicity 
as the blood, he will do it just as thougli he were preparing a simple 
solution of sodium chloride alone having an osmotic factor the same 
as the differential osmotic factor, viz,, 0.022609. 

Nicola’s formula, which shows how much sodium chloride to add 
to achieve this result, follows: 

Number of grams of NaCl to be added 

— fl»fl22609 (differential factor) X 58.5 (molecular weight NaCl) 
1.86 (dissociation constant NaCl) 

= 0.711 

Adding 0.711 Gm. of sodium chloride to every 100 cc. of 1 per cent 
cocaine hydrochloride solution will raise the osmotic pressure to that 
of the blood and so make it isotonic. 

Since Nicola’s work several pharmacists^ have made extensive 

* The work of Husa has already been mentioned. 
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* Sufficient accuracy in adjusting the osmotic pressure is attained if the sodium chloride is weighed out to the nearest hundredth of a gram. 















404 PRINCIPLES AND PROCESSES OF PHARMACY 


studies on the problem of tonus and its relation to the therapeutic*, 
use of parenteral solutions and instillations. All hoped to simplify 
the calculations and procedure necessary for the production of iso¬ 
tonic medications. While their efforts generally have resulted in 
small mathematical simplification, the net effect on the realm of 
appreciation of the need for adjusted or controlled tonicity has made 
the researches worth while. There are still differences of opinion 
among the workers in this field concerning the relative importance 
of various chemical factors dealt with in making the adjustments. 
This is a healthy condition, however, because it keeps the work alive 
and will ultimately lead to a much more effective therapy. 

Perhaps the simplest procedure yet devisc'd for preparing isotonic 
solutions is that oflercd by Arrigoni and Tozer. It involves the 
use of two stock buffer solutions and a table. The first buffer solu¬ 
tion is acid (pH 1.40) and contains 1 per (‘ent anhydrous potassium 
dihydrogen phosphate plus 0.5 per cent potassium chloride. The 
alkaline buffer (pH 8.75) contains 1 per cent of anhydrous disodiurn 
hydrogen phosphate. Preserved water^ is always used as the sol¬ 
vent. Table 24 shows how the solutions are to be used. 

STERILIZATION 

Preparations for certain uses must be sterile, i.e., free from all liv¬ 
ing organisms. This is true for most solutions administered paren- 
terally, for surgical dressings, and for sutures. It is frequently true 
for apparatus and containers used in the manufacture of medicinal 
substances, for hypodermic needles, syringes, rubber tubing, and 
stoppers, and for many other items. 

Some of these can be safely sterilized in a free flame; others decom¬ 
pose under the influence of even low temperatures. Some can be 
sterilized in a moist atmosphere; others must be kept dry. This 
creates a problem in that one procedure cannot serve for all the con¬ 
ditions under which sterilization must be accomplished. Therefore 
a number of methods have been devised so that by proper selection 
almost any substance, however delicate or sensitive it may be to 
special influences, can be rendered germ-free. 

1 Distilled water preserved with a mixture of 0.26 Gm. methyl p-hydroxy- 
benzoate and 0.14 Gm. propyl p-hydroxybenzoate per 1,000 cc. 
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Several of these techniques have been made a part of the Pharma¬ 
copoeia and the National Formulary. They are called Process A, B, 
and so on. All but two in the Pharmacopoeia and one in the 
National Formulary make use of heat in some form as the principal 
sterilizing agent. The first exception is a filtration procedure in 
which the bacteria are removed; in the second, sterility is achieved 
through aseptic manipulation. In Process A, direct contact with a 
free flame is used. Only those materials uninjured by high heat can 
he so treated. Platinum wires, needles, tweezer tips, forceps, and 
spatulas are quickly sterilized by heating to redness in the flame. 
Heavier, thicker objects such as slabs, mortars, plates, and metallic 
orifices of bacterial filters should have their entire areas in contact 
with the direct flame for at least 20 sec. The procedure is not 
recommended for slides and cover slips, glass rods, and the lips of 
glass containers, because of the danger of cracking. 

Glassware is usually sterilized by Process B, which is exposure to 
the dry heat of an oven. This is the procedure ordinarily used to 
sterilize any empty container that is to be kept on hand for future 
use. Every item must have been carefully cleaned previously and 
must be free from organic matter. This precaution is observed in 
order to prevent contamination by charring. It is always excellent 
technique to clean any equipment or container before sterilizing. 
One of the common cleansing procedures is to boil the objects not 
less than 10 min. in a soap solution and follow this by a careful 
rinsing and another boiling in a 0.1 to 0.3 per cent acid solution. 
Hydrochloric or nitric acids are the acids ordinarily used. Special 
solvents may be required in order to remove the more adherent 
organic matter. In any procedure the final step is a thorough rins¬ 
ing with distilled water. 

The objects to be sterilized by Process B are placed in a suitable 
oven, ordinarily maintained at a temperature between 170 and 
190°C. for at least an hour, preferably two hours. To avoid crack¬ 
ing of glassware, both the heating and the cooUng should be done 
gradually. If it is desirable to keep a substance sterile for any 
length of time after heating, it should be carefully wrapped in paper 
or placed in a closed container before sterilizing. There is always 
the danger of charring cotton plugs in flasks and test tubeiS or paper 
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wrappings. In order to prevent this, when they are present the 
temperature should never be allowed to rise beyond 190°C. Any 
material not injured by greater heat can be sterilized in a shorter 
time by increasing the temperature to 200°C. or more. As the tem¬ 
perature increases, the sterilizing time decreases proportionally; 
conversely, the lower the sterilizing temperature, the longer the 
time required. For example, sulfanilamide is decomposed by high 
heat; therefore it is sterilized at 140°C., but the time required is 4 hr. 

The most satisfactory procedure for using heat is process C, in 
which sterilization is achieved by means of steam under pressure, in 
the comparative absence of air. Steam under pressure is hotter by 
several degrees than the same vapor at atmospheric pressure. The 
increase in temperature is proportional to the increase in pressure. 
Bacteriologists have determined that moist heat between 115 and 
127®C. generally destroys spores as well as vegetative forms of 
bacteria at one fairly short exposure. The pressures required to 
give this range of temperatures together with the corresponding 
periods of time required for adequate sterilization are 10 lb. pressure 
(115.5^0.) for 30 min., 15 lb. pressure (121.5®C.) for 20 rnin., and 
20 lb. pressure (126.5®C.) for 15 min. The pressures are reached by 
using either an autoclave or an ordinary steam-pressure kettle such 
as is found in the kitchen. Time must be allowed after the desired 
pressure has been reached to ensure uniform heating of the centers 
of the materials or substances being sterilized. 

Process D also makes use of moist heat, but not under pressure. 
Either free-flowing steam or boiling water is the sterilizing medium, 
and so the temperature does not exceed 100°C. It should be remem¬ 
bered that at high altitudes, where the atmospheric pressure is less 
than 760 mm. of mercury, the temperatures of both steam and boil¬ 
ing water are less than 100°C. More certain results are achieved by 
exposing the material to the heat for 30 min. or more on 3 consecu¬ 
tive days. During the intervals between exposures the material is 
kept in an incubator at body temperature or at room temperature. 
This repetitive treatment is called fractional, iniermiiient, inter- 
rupted, or discontinuous sterilization, or Tyndallization. 

If boiling water is used, its effectiveness can be increased by add¬ 
ing 1 to 2 per cent of sodium carbonate, 5 per cent of phenol, or 2 to 
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3 per cent of cresols. The instruments, rubber stoppers, tubing, 
needles, or other articles or materials being treated should be entirely 
submerged. 

Substances injured by the temperature of boiling water can be 
treated by Process K, or irtspissation, which is a modification of 
Proc'ess D. The temperature of the sterilizer is kept at the highest 
point compatible with unaltered composition of the material being 
heated. This is usually between 60 and 80°C. It is recommended 
that a bacteriostatic agent be added to medicinal preparations being 
treated by this method, in concentration sufficient to prevent the 
growth of all microorganisms in the material. Even then the process 
is not guaranteed, and Process F is suggested as an alternate pro¬ 
cedure wherever practical. 

Process F, which is called bacteriological fillralion (see pages 528 to 
530), is used principally for solutions whose active ingredients are 
injured by heat. Such liquids are filtered through a sterile filter of 
the Pasteur-Chamberland type. The filtrate generally is bacteria- 
fr(»e, but the results are not certain; so a bacteriostatic agent should 
be added as directed for Process E. 

The high temperatures of salt or oil baths are employed as a 
means of sterilizing in Process G. Saturated solutions of sodium or 
ammonium chlorides boil at a temperature about equal to that 
obtained in an autoclave between 10 and 15 lb. pressure. Boiling 
light mineral oil is excellent for sterilizing instruments of which the 
edges or finish must be protected or for catheters that must be 
lubricated. 

It is possible, by using careful aseptic technique and sterile con¬ 
tainers, solvents, etc., to prepare some substances in a sterile condi¬ 
tion, thus obviating the need for subsequent heating. This is called 
aseptic manipulation and is used for materials damaged by ordinary 
processes of sterilization. It is to be used only when no other pro¬ 
cedure will apply. The materials are to be labeled so as to show the 
date of preparation and the notation “Prepared by aseptic manipu¬ 
lation. Keep in a cool place and use within two (2) days.” 

Although the U.S.P. and N.F. give specific directions for steriliza¬ 
tion by means of the processes just described, neither text discusses 
disinfection by chemical means. These are assuming great impor- 
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tance and are stressed in the study of microbiology, so it is apropos 
to call attention to them here. 

The list of chemicals used either as bacteriostatic or bacteriocidal 
agents is large and defies ready classification. McCulloch^ lists 
them as acids, alkalies, metals and their salts, dyes, phenols, cresols, 
alcohols and related compounds, halogens, oxidizing agents, soaps, 
cationic and anionic detergents, and miscellaneous. 

Because their killing power is affected by so many variables, none 
are 100 per cent effective. In fact, many tend to be selective in 
action, which restricts their use to only certain microorganisms. 
The important factors influencing the effectiveness of a given ger¬ 
micide are (1) the length of time it is in contact with the germs, 
(2) the temperature, (3) its concentration, (4) the number and 
kind of germs, and (5) the chemical and physical nature of the 
environment. 

McCulloch also reminds us that under certain circumstances cold, 
desiccation, electricity, agitation, plasmolysis, and other physical 
agents can be used as gcrmicades. 

STUDY QUESTIONS 

1. Define the term solution, 

2. How do solutions differ from mixtures? 

3. What determines which component of a solution will be called the 
solvent ? 

4. Are fogs solutions of gases in gases? 

5. How could you prepare a solution of aspirin in carbonated water 
without using already prepared siphon water or the e(|uivalent? 

6. Cite examples other than those in the text of fluids only partly 
miscible in each other. 

7. Write the equation that illustrates the solution of zinc in hydro¬ 
chloric acid. How can you remove the hydrogen formed? 

8. What is meant by dynamic equilibrium ? 

9. How can one hasten the solution of such slowly soluble substances 
as sugar? 

10. Give an example of a molar solution having (a) the same concentra- 

* E. C. McCulloch. “Disinfection and Sterilization,” Lea & Febiger, 
Philadelphia, 1945. 
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tion as a normal solution, (h) two times the concentration of a normal 
solution. 

11 . If the distribution ratio Ccncu/f'acid-Hao = 4.25, how much solute 
will three extractions of 25 cc. of ("lie'll 3 each remove from 50 cc. of acid 
water containing 2 Urn. of solute? 

12. Calculate the pll of a solution having? a concentration of 0.000076 
gram ion per liter. 

13. Calculate the hydrogen-ion concentiation for a solution with a 
pH of 2.35. 

14. What other buffer systems are found in the body besides that in the 
blood? 

15. Describe how you would proceed to make a 1 per cent cocaine solu¬ 
tion isotonic for hypodermic injection. 

16. Calculate the hydrogen-ion concentration of a solution (a) with a 
pH of 2.08, (6) with a pH of 1.23, and (r) with a pH of 8.63. 
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Chapter 13 

THE COLLOIDAL STATE 


The sum of knowledge in chemistry has grown to such propor¬ 
tions that it has become necessary to divide it into a number of 
specialized branches. One of these is colloid^ or colloidal^ chemistry. 
This deals with substances in the colloidal slate. A substance is said 
to be in the colloidal state when it exists as a dispersion of submicro- 
scopic particles throughout some dispersing medium. Considerable 
variation in size of the submicroscopic particles is possible without 
loss of colloidal properties. The principal requirements are that 
they must be larger than the molecules and ions found in solutions 
and smaller than the aggregates in the most finely divided suspen¬ 
sions. In an effort to be more precise, chemists have suggested that 
particles smaller than 1 millimicron (mg)* are not colloidal, since 
their presence tends to cause the mixture to behave as a true solution 
in that properties such as the vapor tension, freezing point, and 
osmotic pressure of the dispersion medium are altered. Particles 
larger than 100 to 200 mg are made visible by the more powerful 
microscopes and so leave the colloid field. The dimensional bound¬ 
ary is purely arbitrary and not too effective. It is well to remember 
W. Ostwald’s teaching that there is no sharp line of demarcation 
between suspensions, colloids, and solutions. Instead the transition 
is gradual, and overlapping occurs. Thus a colloid may have prop¬ 
erties in common witli either a suspension or a solution or l>oth. 

The colloidal state is not peculiar to any one group of substances. 
Some can be made colloidal more easily than others. Gelatin, for 
example, becomes colloidal upon mixing with water. Gold, on the 
other hand, requires treatment with special apparatus and methods 
in order to change its ordinary forms into the colloidal state. 
Water, dissolved in the proper organic solvent and cooled below its 
freezing point, becomes colloidal ice. 

* 1 M •* 0.001 mm. « 10"® M; 1 mu *= 0.000001 mm. «* 10"® ‘M. 
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Classification of Colloid Systems. Colloids can be formed 
with any of the three states of matter acting as the dispersing 
medium. The commonest are those in which a liquid is the dispers¬ 
ing medium. Many others have cither a gas or a solid as the con¬ 
tinuous phase, and the dispersed substance may be a gas, liquid, or 
solid. Since all gases are soluble in each other, there are no colloids 
consisting solely of a gas dispersed in a gas. Babor and Lehrman^ 
have prepared an informative table illustrating the structure of 
colloids (see Table 25). 


Table 25. Classification of Colloids according to Babor and Lehrman 



Dispersion 

medium 

Disperse 

phase 

Examples 

1 

Gas 

Gas 

Noneolloidal (all gases are soluble in each other) 

2 

Gas 

Liquid 

Clouds, fogs, mists 

3 

Gas 

Solid 

Smokes, volcanic dust 

4 

Liquid 

Gas 

Foams, such as whipped cream 

5 

Liquid 

Liquid 

Emulsions, such as milk 

6 

Liquid 

Solid 

Colloidal oxides, sulfides, etc. Starch suspen¬ 
sion, colloidal dyes, etc. 

7 

Solid 

Gas 

Meerschaum, pumice stone, white hair 

8 

Solid 

Liquid 

Jellies, gels, cheese 

9 

Solid 

Solid 

Ruby glass, precious stones 


Types of Colloidal Dispersions, ('olloids are frequently 
divided into two large groups on the basis of the degree of affinity 
possessed by the disperse phase for the dispersion medium. This 
means colloids are either lyophilic or lyophobic. In the first category 
are found the colloids whose disperse phase has a definite affinity 
or attraction for the dispersion medium. The suspended particles 
tend to swell because of their envelopes of attracted “solvent.” 
They are solvenl-loving,'' If the “solvent” is water the lyophil 
may be called a hydrophiL Should the “solvent” be alcohol the 
colloid could be called an alcoholophil. Other appropriate prefixes 
can be added to -phil in order to indicate the nature of the continu¬ 
ous phase. 

' James Albert Babor and Alexander Lehrman. “ General College Chem¬ 
istry,” The Thomas Y. Crowell Company, New York, 2d ed., 1940, p. 443. 
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Colloids whose disperse particles have no affinity for the “sol¬ 
vent” are “solvent-fearing” or lyopfiobes. Since no envelopes of 
“solvent” collect around the disperse particles, these colloids do not 
swell on standing. 

Colloids are also divided into emulsoids and supensoids. Gener¬ 
ally speaking, emulsoids are lyophilic. They are usually stable to 
small concentrations of electrolytes and, when evaporated to dryness, 
can be returned to their original colloid state by restoration of the 
dispersion liquid. Suspensoids, in contrast, are ordinarily precipi¬ 
tated by small amounts of electrolyte and cannot be restored to 
colloidal form by addition of the evaporated “solvent.” 

Since the condition of emulsoids can be shuttled back and forth 
between colloid and noncolloid by evaporation and restoration of 
the evaporated liquid they are sometimes called reversible colloids. 
Suspensoids are irreversible. 

Colloidal nomenclature is still not completely standardized. The 
connotation of certain terms is in need of clarification in order to 
facilitate the accurate transmission of ideas among research workers 
in the field. 

Gels. A gel is commonly defined as the colloidal distribution of 
a solid in a liquid in such a way that the latter is trapped in the 
interstices of the former. The trapping requires the formation of a 
more or less rigid lattice of the solid, usually by precipitation. A 
structure of this kind is somewhat transparent, fairly rigid, and 
shows the Tyndall effect. It may be lyophilic or lyophobic. 
Therefore, some gels are reversible, others are not. For example, 
gelatin gel can be heated to dryness but will, when moistened, swell 
and become colloidal again. Silica gel represents the non reversible 
type, which when dried, refuses to return to its normal gel structure 
upon the addition of liquid. This type has also been called non¬ 
elastic, in contrast to the elastic or reversible group. 

Aerosols. Aerosols arc colloidal dispersions of solids or liquids in 
a gaseous medium, usually air. You will recall that it is impassible 
to have a colloidal dispersion of a gas in a gas because of their com¬ 
plete miscibility. An aerosol whose dispersed phase is liquid pro¬ 
duces a cloud, fog, or mist such as comes from an atomizer con¬ 
taining a nasal spray. If the dispersed phase is solid a smoke is 
produced. 
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•Aerosols are frequently mentioned in pharmaceutical literature in 
connection with the treatment of respiratory diseases or the destruc¬ 
tion of air-borne bacteria and viruses. Thus they are used to 
administer such therapeutic agents as penicillin, menthol, and 
benzoin or to saturate the air in a room with propylene glycol. 

Colloids of this nature are not particularly stable. They are 
subject to destruction by evaporation or, if solid, to settling, because 
of the low viscosity and density of the dispersion medium. 

Foams, Although not colloids in the strict sense of the word, 
foams are frequently discussed in books on the subject. This is 
logical, since colloids are characterized by the large surface area 
presented by their disperse phase. Foams also greatly extend 
surfaces. 

Foams can be defined as disperse systems of gases within thin 
films of liquid. Their production demands liquids with low surface 
tensions, low vapor pressures, and relatively high surface viscosi¬ 
ties. It is sometimes possible to convert a liquid unsuited for this 
purpose into one quite satisfactory by the careful addition of surface- 
active agents to lower the surface tension and of substances that by 
oriented adsorption or other means will iiK reasc the tenacity of the 
film. 

Pharmaceutically foams have little application. In some indus¬ 
trial processes their presence or absence becomes extremely impor¬ 
tant. Frothing is essential in ore flotation. It is an annoyance in 
alkaloidal analysis. 

Surface-artive Agents, Surface-active agents mentioned above, 
commonly called wetting agents, are substances capable of markedly 
lowering the surface tension of liquids. Generally speaking they 
are mixed polar-nonpolar compounds. This means they are partly 
hydrophilic because of the polar group and partly hydrophobic 
because of the nonpolar group. Because of the division of solu¬ 
bilities they tend to concentrate at the interfaces of disperse systems 
containing them. Thus they perform many useful services in the 
field of colloid and emulsion chemistry and in other places where 
surface forces must be controlled. An understanding of their func¬ 
tions is best acquired in more advanced courses. 

Importance of Colloids in Medicine and Pharmacy. The 
body is made up of countless thousands of living cells, the contents 
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of wliich are colloidal in nature. The chemistry of these cells is 
directly a part of practically every life process. Their proper 
functioning is necessary for health. Any dysfunction results in 
unhealthful disturbances in chemical equilibriums. Medical meas¬ 
ures to correct such disturbances must be based on a knowledge of 
the colloid chemistry of the body. Even in correcting ailments due 
to cliemical shifts in the body, which are not colloidal in nature, 



Fir.. 92. Dialyzing apparatus in which the bathing solution is constantly 
changing. 

medicines in colloidal form are often more effective than those which 
are not, e.g,, hyperacidity is treated most efficiently with colloidal 
magnesium and aluminum compounds. These function, not as 
chemical neutralizers, but as colloidal adsorbents. The \alue of 
colloids in the pharmaceutical aspects of medicine has only begun to 
be evident. 

Properties of the Colloidal State. Diffusion, Colloids have 
the ability to diffuse. They do not diffuse through semipermeable 
membranes with the same facility as noncolloidal particles ot true 
solutions. Advantage is taken of this fact in separating certain 
colloids from contaminating molecules and ions by dialysis. In this 
process the colloid is placed in a parchment bag, which is immersed 
in pure water. The colloidal particles cannot pass through the 
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parchment, but the molecular or ionic contaminants can. This 
fractional diffusion can be carried to the point of almost complete 
separation of the colloid from its impurities by frequent changing of 
the water in the bath. Semipermeable membranes other than 
parchment are quite satisfactory. 

Tyndall Effect. The path of a beam of light passing through a 
medium containing dispersed particles of proper size is made visible 
bed&use the rays are scattered as they collide with the particles. An 
illustration of this is light entering a darkened room through some 
tiny aperture. Dust particles, invisible in the well-lighted room, 
become visible now as bright flashes in the path of the beam. Some 
of these particles are colloidal in size. Illumination in this manner 
of the path of a beam of light is called the Tyndall effect^ after its 
discoverer. The ultramicroscope takes advantage of the phenom¬ 
enon. A strong beam of light is focused on a cell filled with a col¬ 
loidal dispersion. The flashes of refracted and scattered light 
formed by the collisions between the light rays and colloidal particles 
can be caught and magnified by a microscope focused on the cell 
against a dark background. It is the refracted light rather than the 
particles that is observed. Since true solutions do not show the 
Tyndall effect, it can be used to differentiate between them and 
colloids. 

Brmvniari Movement. Fluid colloids exhibit Brownian movement. 
Brown, a botanist, observed that grains of pollen suspended in water 
were in a constant state of agitated motion. A grain would move 
in a straight line for a very short distance and then suddenly alter its 
direction. The result was a series of erratic, rapid, zigzag paths. 
Colloidal particles tend toward the same type of irregular motion, 
which can be easily observed with an ultramicroscope. It is caused 
by the impact of the molecules of the dispersion medium against the 
colloidal particles. The collisions keep the particles in a constant 
state of motion and hence tend to prevent settling or sedimentation. 

Electric Charge. Generally, lyophobic colloidal particles are elec¬ 
trically charged. The charge may be either positive or negative. 
One of the commonly used proofs of this is the effect produced by 
the passage of an electric current through colloidal arsenious sulfide. 
Under the impact of the current the yellow colloid moves to the 
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anode, where it loses its negative charge and precipitates. The fact 
that all the colloid moves shows that every particle is charged alike. 
The repelling effect of like charges helps preserve the integrity of the 
colloid. Calaphoresis is the name given to the movement of a col¬ 
loid to the pole of opposite sign. 

One explanation for the charge is the adsorption of specific ions 
from the dispersion medium. Frequently these are either hydrogen 
or hydroxyl ions. Adsorption of the former gives the colloid a pos¬ 
itive charge. Adsorption of the latter has the opposite effect. The 
metallic sulfides and the metals themselves are usually negatively 
charged, and metallic oxides ordinarily carry positive electricity. 


4- 



Fifj. 93. Cataplioresia, showing migration of colloidal arsenious sulfide particles 
to the anode. 

Lyophilic colloids can exist with or without an electric charge. 
Frequently lyophils are amphoteric, and so the hydrogen-ion con¬ 
centration of the dispersion regulates the type of charge adsorbed. 
In a strongly acid medium hydrogen ions would be adsorbed. An 
alkaline medium would produce a negative colloid. There is a pH 
at which the colloid would have no charge. This is the isoekclric 
point. 

Precipitation by Electrolytes. It frequently is possible to precipi¬ 
tate colloids by adding small quantities of electrolytes. Colloidal 
arsenious sulfide precipitates when treated with minute quantities 
of silver nitrate. The reaction is not stoichiometric, for there are 
no standard quantities of each required. Factors such as age, tem¬ 
perature, and method of preparation of the colloid seem to regulate 
the amount of silver nitrate necessary for precipitation. In no case 
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does it require anywhere near the silver salt necessary for a double¬ 
decomposition reaction. Colloids can usually be precipitated, too, 
by the addition of high concentrations of ions whose charges are 
opposite that carried by the colloid. These remove the stabilizing 
action of mutually repelling charges on the colloidal particles, and 
coagulation results. Colloidal dispersions of silt in river water are 
precipitated at the river mouth in the form of a delta by the action 
of the electrolytes dissolved in the sea. Bivalent and trivalent ions 
apparently are more effective precipitants than monovalent ions. 
Advantage is taken of this fact in water-clarification projects using 
the trivalent aluminum ion of aluminum sulfate. 

Protective Colloids. Unstable colloids may sometimes be pre¬ 
vented from coagulating by a stable neutral colloid or one carrying 
the same kind of electrical charge. These are called protective col¬ 
loids, An illustration of the principle of protection is the use of 
gelatin to protect suspensoids of silver salts in the manufacture of 
photographic films. Potassium bromide is mixed with silver nitrate 
in the presence of about one per cent of gelatin. Instead of the 
usual precipitate of silver bromide a colloidal dispersion is formed. 
Probably the particles of silver bromide are coated with a thin film 
of gelatin, which prevents their coalescence. Colloidal silver iodide 
used as an antiseptic in medicine is stabilized with gelatin in the 
same way. 

Gelatin is a lyophil. Its usefulness as a protective colloid is typ¬ 
ical of the class. Since the lyophils are more difficult to coagulate, 
their addition to lyophobic colloids confers some degree of protection 
against flocculation to the latter. Some chemists believe this action 
is the result of a lyophilic envelope surrounding a lyophobic particle. 

Adsorption. Adsorption is the adherence of ions, atoms, or 
molecules to surfaces. It differs from absorption in that the latter 
requires penetration into the absorbing body as in the flow of water 
into a sponge or the taking up of fluid by some other porous solid. 
It is not always easy to say where adsorption ceases and absorption 
begins. But we do know that adsorption is always a surface phe¬ 
nomenon and is dependent on surface forces. 

Colloids, because of the huge surface they expose in comparison 
with their mass, are frequently capable of tremendous adsorption. 
This power to adsorb may be selective. Certain emulsions are pro- 
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duced because the emulsifying agent is adsorbed on the surface of 
one of the immiscible liquids, thus forming stable droplets that have 
a minimum coalescing tendency. Adsorption is probably responsi¬ 
ble for the efficiency of some catalysts. It enables them to bring the 
reacting substances together in concentration on their surfaces. 
Adsorption is used as a means of removing many colored impurities 
from liquids, llie liquids are filtered through selective adsorbents 
that remove only the colored contaminants. 

Color of Colloidal Dispersions. Colloids are often attractively 
colored. The possession of color is due to the absorption of certain 
wave lengths of light and the scattering of others by the colloidal 
particles. The dimensions of the particles determine the selectivity 
of absorption by which dispersions of the same substance may have 
different colors. For example, gold hydrosols may be blue, red, 
violet, or even green, depending on the particle size of the disperse 
phase. Rudy glass contains colloidal gold. If selenium is used 
instead of gold, the glass becomes red. Certain precious stones owe 
their color to small amounts of colloidal impurities. The deep blue 
of some lakes is undoubtedly due to colloidally dispersed material in 
the water. Colloidal dust causes the sky to become dark blue. 

The Production of Colloidal Systems. Since colloids occupy 
a middle position, from the standpoint of particle size, between the 
coarse particles and molecular dispersions, there are at least two 
basic ways in which they are produced. These are (1) the comminu¬ 
tion, or subdividing, of coarser particles, called dispersion methods; 
and (2) the condensing, or aggregation, of ions, atoms, or molecules 
into particles of colloidal dimensions, called condensation methods. 

Dispersion Methods, These ordinarily are purely physical pro¬ 
cedures involving no chemical reactions. Grinding in a colloid mill 
is typical. When ground to an impalpable powder and mixed with 
a dispersion medium, dry substances will form colloids. Milling in 
this fashion produces a polydisperse system containing both sub- 
microscopic and microscQpic particles. Hauser^ proposes, there¬ 
fore, that such machines shall be called dispersion mills instead of 
colloid mills. 

Dispersion is sometimes brought about or facilitated by peptiza- 

^ E. A. Hauser. ** Colloidal Phenomena,’* McGraw-Hill Book Company, 
Inc., New York, 1939, p. 63. 
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tion. Peptization involves treating finely divided solids, usually 
precipitates, with some reagent that causes them to break up into 
particles of colloidal size. The reagent might be an electrolyte; 
a small quantity of ferric chloride changes a precipitate of hydrated 
ferric oxide into a stable sol. Or it could be a liquid, as in the forma¬ 
tion of a gelatin hydrosol by the simple addition of water to the 
gelatin. Water in this instance is the peptizing agent. It functions 
by solvating (hydrating) the gelatin particles. 

Metals can be colloidally dispersed by means of the Bredig 
method. If two electrodes of the metal are dipped into water, the 
passage of an electric current through the electrodes will create an 
arc. Particles of the metal of colloidal size will split oft’ and remain 
suspended in the water. Colloidal gold is prepared in this way. 
Some chemists consider this method a combination of dispersion and 
condensation procedures. They reason that a part of the metal 
separates as a vapor, which is condensed as a colloidal dispersion. 
Pure water is not so satisfactory for the dispersion medium as a 
liquid containing traces of an electrolyte. Liquids other than water 
should be used for metals above hydrogen in the electromotive series. 

Condensation Methods. Chemical reactions that cause ions, 
atoms, or molecules to coalesce into particles of colloidal dimensions 
are used in these methods. Unless dilute solutions of the reacting 
materials are used, there is danger that particles large enough to 
precipitate will be formed. This phenomenon leads to the possi¬ 
bility that the first stage of precipitation is the formation of a colloid. 
Oxidation, reduction, double decomposition, hydrolysis, and altera¬ 
tion of solvent will all produce colloids when properly controlled. 
Examples are: 

1. Reduction, the use of hydrazine hydrochloride in the produc¬ 
tion of a gold sol. 

2. Oxidation, the formation of colloidal sulfur by the action of air 
on a solution of hydrogen sulfide. 

3. Double decomposition, the formation of colloidal lead sulfide 
by the action of hydrogen sulfide on colloidal lead hydroxide. 

4. Hydrolysis, the formation of colloidal ferric hydroxide by the 
action of hot water on ferric chloride. 

5. Alteration of the solvent, water poured into an alcoholic solu¬ 
tion of an oil will cause the formation of colloidal particles of the oil. 
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Ultrasonics. The energy of sound will undoubtedly become very 
useful for both the production and the destruction of colloids. 
Ultra-high-frequency sound waves vibrating at rates up to hundreds 
of thousands of times a second can generate tremendous power, 
which if properly controlled and directed will become more and more 
useful to the colloid chemist. 

Industrial use has already been made of this power. Through it 
engineers can now control the volume of smoke issuing from factory 
chimneys. The colloidal suspension of soot that makes up smoke is 
fl(Xiculated within the chimney by high-frequency sound waves. 
Upon flocculation the clumped particles fall into collecting chambers 
and so are prevented from spreading over the countryside. In 
the laboratory experimentally produced fogs have been similarly 
dispersed. 

That these supersonic forces are constructive as well as destructive 
is illustrated by the formation of emulsions from oil and water. 
The oil is broken up into particles so line they will not coalesce after 
being dispersed in water. Milk can be homogenized and cosmetic 
creams produced through the use of sound. 

STUDY QUESTIONS 

1. Explain the difference between (a) a colloid and a solution, (h) a 
colloid and a suspension. 

2. What is the value in meters of (a) a micron (b) a millimicronP 

3. Classify colloids according to Babor and Lehrman. 

4. Explain the difference between a suspensoid and an emulsoid. 

5. Why are colloids important in pharmacy P 

6. List four properties of the colloidal state and explain each. 

7. How should you prepare a gold sol by the Bredig method P 

8. Explain why the deep blue of lake water is of interest in this chapter. 

9. Does a colloid mill produce a perfect colloid? Explain your answer. 

10. How does adsorption aid a catalyst? 
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Chapter 14 

EMULSIFICATION AND EMULSIONS 


“The word emulsion comes from two Latin terms, e out and 
mulgere to milk, i,€., to milk out, to drain out. This meaning 
denotes action such as the act of milking. Hence the verb denotes 
a process rather than a product.”^ The word emulgent, of the same 
origin, has been used in early works upon anatomy and physiology 
in describing the functions of the veins, arteries, and urinary vessels. 
Emulsion and emulgere have also been put to interesting literary and 
social uses. The “indulgences” of historical fame have been 
referred to as “ernulgences.” In all such cases the idea of action 
has been expressed. 

Early Definitions. In early medical and pharmaceutical litera¬ 
ture only natural emulsions were thought of, n’z., those which were 
prepared by mixing, grinding, or triturating seeds and gum resin, 
such as almond seed and asafetida, with water. In other words, 
milklike liquids were classed as emulsions. 

In 1611 Cotgrave^ defined emulsions as follows: “An emulsion; 
any kind of seed, etc., brayed in water, and then strained to the 
consistence of an alrnoftd milke; also any kind of creame, or milkie 
humor.” A century or more later Quincy* said, “Emulsion, signify¬ 
ing milking out, is a form of medicine made by bruising oily Seeds 
and Kernels, and drawing out their Substances with some liquor 
that becomes thereby milky—and these are generally of the emol¬ 
lient kind.” In 1856 Ogilvie^ defined an emulsion as “a soft liquid 
remedy of a colour and consistence resembling milk; any milklike 

1 Pharm, Arch. 8, 25 (1937). 

*R. Cotgrave. “A Dictionary of the French and English Languages,’* 
1611. 

® J. Quincy. “A New Physical Dictionary,** 1719, p. 131. 

^J. Ogilvie. “The Imperial Dictionary, English, Technological, and 
Scientific,** 1856. 
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mixture prepared by uniting oil and water by means of another sub¬ 
stance, saccharine or mucilaginous.” 

In an examination of the definitions of emulsions of the past two 
or three centuries, one is impressed with the fact that the so-called 
“natural,” or “seed,” emulsions were known and used for a consid¬ 
erable period prior to the advent of the so-called “artificial emul¬ 
sions.” It would be interesting to know who was the first to observe 
that a fixed oil can be made into an emulsion by mixing it with a 
gum and applying the proper technique. 

Modern Definition. An emulsion may be defined as a two- 
phase system of immiscible substances, usually liquids such as water 
and a fixed oil, fat, resin, or wax, one of which is reduced to a fine 
state of subdivision and dispersed in the other. The dispersion of 
one of these substances in an emulsion system is effected by severe 
agitation of some kind. In pharmacy this is done by shaking, by 
rapid trituration in a mortar, or by a machine. The disperse phase 
of such a system is only temporary unless a third substance, called 
the emulsifying agenU has been added prior to the agitation. Per¬ 
haps the best-known emulsifying agent in pharmacy is acacia. 
Therefore to get a stable emulsion of an oil, e,g.y cod-liver oil, three 
substances are necessary, riz., water, oil, and the emulsifying agent. 
Moreover, for good emulsions, favorable proportions of each of 
these ingredients are necessary, and the agitation must be suffi¬ 
ciently vigorous to cause dispersion of the oil into globules of rnicro- 
S(!opic size. Emulsions of this type have a milklike appearance 
varying from thin to thick liquids, even to the consistency of 
mayonnaise. 

Nature produces several interesting emulsions, such as milk, egg 
yolk, protoplasm, and the latex of plants. The brain has been 
referred to as an emulsion. The chyle too has an emulsionlike 
appearance. Gum resins, such as asafetida, are known to us as 
drugs in the form of hard lumps or dry powders. In the fresh state 
they were the milky juices of the plants from which they came. 
When these dry gum resins are ground up with water, they are 
rehydrated to their original milkUke appearance. For this reason 
gum resins are sometimes referred to as natural emulsions. Being 
gum resins, it is believed that when they are mixed with water the. 
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gum forms a solution, which in turn suspends the dispersed resin 
particles. 

Egg yolk is about 23 per cent oil. The oil is dispersed in protein 
matter. Protein substances in the latex of the rubber plant are 
credited with causing the emulsification of the insoluble rubber 
present. 

Milk has been referred to as the most n^^arly perfect of the natural 
emulsions, but even milk is not permanent for long. It is composed 
of about 3.5 per cent butterfat and about 3.3 per cent casein. The 
latter aids in emulsifying the former in a large proportion of water. 
Milk may be diluted almost indefinitely without oily separation; 
and although it may "‘cream” upon standing, the creamy layer can 
easily be diffused again by shaking. The commonly known phar¬ 
maceutical emulsions do not behave so well in this respect. All 
will cream upon standing and, if diluted too much, show separation 
of oil globules in a short time. 

Emulsion Phases. The dispersed phase has been referred to as 
that phase of an emulsion which exists in fine globules of microscopic 
sizes. It is also called the uiternal or discontinuous phase. The 
other phase of an emulsion system is called the dispersion medium, 
external phase, or confiniious phase. The emulsifying agent is con¬ 
sidered by some to be the intermediate or third phase. However, in 
the case of gums such as acacia that are soluble in water, it is doubt¬ 
ful whether it should be considered as being a separate phase. 
While the emulsifying agent may be just as important in the forma¬ 
tion of pharmaceutical emulsions as either the oil or the water, it 
will be referred to merely as the emulsifying agent in this chapter. 

Modern Theories of Emulsification. Much attention has 
been given to the theory of emulsification by physical chemists dur¬ 
ing the past forty years. Prior to the time when the chemists 
became interested in the problem, pharmacists were supposed to 
know all that there was to know about emulsions. Their knowledge 
of emulsions was, however, of a practical nature and did not go far 
toward explaining the theory of emulsions and emulsification. It 
should be appreciated that prior to about 1900 emulsion was a term 
associated with a medicine of some kind. Since then it has come to 
mean much in industry and technology. Medicinal emulsions are 
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still official, and a number of them constitute important and widely 
used classes of preparations. 

When olive oil and water are put into a suitable container and 
shaken vigorously, a very temporary emulsion is formed. This is 
due to the fact that both the oil and the water are shattered into 
fine globules. These readily coalesce when the shaking has been 
discontinued, and the two liquids separate into their respective 
layers. The refusal of the liquids to remain dispersed is chiefly due 
to the fact that the surface tension of each of the liquids is great 
enough to pull the globules back together. Before either of these 
liquids can be made to remain dispersed in globules of microscopic 
sizes, some agent has to be used that will overcome their surface 
tension. In the case of pharmaceutical emulsions, acacia, gelatin, 
and tragacanth function in this capacity rather well. If acacia is 
mixed with the oil or, in some cases, with the water before the water 
and oil are shaken, the oil will remain dispersed and a more or less 
permanent emulsion results. In the case of cod-liver-oil emulsion, 
there results what is known as an oil-in-water emulsion, i.e., the oil 
is the dispersed phase, and water, with the aid of the acacia, is the 
dispersing medium. The presence of the acacia in the water over¬ 
comes the surface tension of the latter so that it spreads out into an 
elastic thin film surrounding the finely dispersed oil globules in such 
a way that they cannot coalesce. These finely dispersed globules of 
oil float in the medium, with a thin film of hydrated acacia molecules 
between them. If by chance the oil globules are able to break the 
film, they gradually unite into larger and larger globules and finally 
separate out as free oil. When this happens we say that the emul¬ 
sion has broken or cracked. Fixed oils and most volatile oils are 
lighter than water and, of course, float upon it. Emulsified oil 
globules have a tendency to rise to the top; this results in creaming, 
like the cream that forms in a bottle of milk. Such cream layers 
may be made to rediffuse by shaking. Creaming, therefore, does 
not crack the emulsion as does separation of the free oil. 

Perhaps the point should be made that, all other things being 
equal, the finer the oil globules, the more permanent the emulsion. 
In making emulsions, therefore, it should be the aim of the operator 
to get the oil finely divided by a very rapid movement of the pestle, 
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in the case of the mortar method, and by almost violent shaking in 
the case of the bottle method. Machines make better emulsions 
than one is able to make by hand only because they do a better job 
of shattering the oil into uniformly finer particles. 

Colloidal Nature of Emulsifying Agents. It has been 
observed that emulsifying agents are usually colloidal substances. 
This is true in the case of acacia, gelatin, tragacanth, chondrus, 
agar, soaps, clays, and similar products used as emulsifying agents. 
In water they form colloidal solutions and are termed hydrophilic^ 
nc., water-loving, colloids. In the preceding discussion, mention 
was made of the fact that the acacia solution forms a film around 
each oil globule, thus preventing (‘oalescence of the latter. This is 
explained by the fact that the acacia particles, or those of other 
l»ydrophilic colloids, gather at the oil-li(tuid interface and form effec¬ 
tive barriers against the coalescence of the oil globules. 

Perhaps it should be stated that the molecules at the surfaces of 
liquids are differently oriented with respect to the inner molecules 
of the same li(tuid and to the air or other substance in contact with 
them. One may pul a drop of oil upon water and not see much 
happen, although it is not hard to imagine that the molecules at the 
surfaces of contact are perturbed and are constantly rearranging 
themselves. Meanwhile the insoluble oil rests upon the water as a 
large round globule slightly depressed at the surface of contact. A 
similar drop of oil upon the surface of a solution of soap or acacia or 
an alkaline solution disappears into the liquid or becomes, at least, 
much smaller. The presence of these substances in the water has 
caused partial emulsification of the oil even without agitation. The 
soap and acacia particles gather at the surface of contact between 
the two immiscible liquids, oil and water, and, being hydrophilic 
colloids, cause the surface tension of the water to decrease. This 
makes the water more elastic and capable of enveloping the oil, 
especially if the latter is shattered into small globules by some 
means. These colloids are therefore emulsifying agents. If the oil, 
water, and emulsifier are subjected to the proper degree of agitation, 
a good emulsion will be formed. 

It may take some imagination on the part of the beginner to 
accept this explanation of the formation of emulsions. However, 
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there seems to be sufficient experimental evidence to make i t plausi¬ 
ble in view of the fact that we have no better way of explaining the 
problem. 

The lowering of the surface tension of water by such hydrophilic 
colloids as acacia and soap serves well in making the oil-in-water 
type of emulsions. To form the water-in-oil type of emulsion, the 
emulsifying agent must lower the surface tension of the oil instead 
of the water as indicated in the discussion above. In this case the 
water becomes dispersed in the oil. A good example of such an 
emulsion is that of Lime Liniment. The calcium hydroxide of the 
lime water reacts with the free fatty acids of the linseed oil to form 
a calcium soap, which upon agitation forms an emulsion. Divalent 
bases, such as calcium hydroxide in lime water, and trivalent bases 
produce water-in-oil emulsions. Soaps of the univalent bases pro¬ 
duce oil-in-water emulsions. As emulsifying agents, the soaps of 
divalent and tri valent bases behave in the same way as the soaps of 
univalent bases, i,e,, they arrange themselves at the interface 
between the two immiscible liquids, thus serving as emulsifying 
agents. 

Many theories on the subject of emulsification have been ad¬ 
vanced within the present century, but it cannot be said that any 
one explains all conditions that obtain in a system so complicated 
as an emulsion. The theories most commonly known are (1) the 
viscosity theory, (2) the hydration theory, (3) the surface-tension 
theory, (4) the adsorptive-film theory, and (5) Langmuir’s theory 
of molecular orientation. These theories have been fully discussed 
in chemical and industrial literature of the past few decades, but 
most of the discussion is too technical to be reviewed here. Detailed 
information may be found in works dealing with this subject. 

The Preparation of Emulsions, There was a time when the 
making of emulsions was a bugbear to the average pharmacist, be¬ 
cause he was aware that success or failure depended on following the 
correct procedure. Emulsions, however, are easy to prepare, even 
though a certain amount of care and skill may be necessary in order 
to obtain a good product. While pharmacists are not often called 
upon to make emulsions, they need to know about them. Emul¬ 
sions of fixed oils of various kinds include some important medicinals. 
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There are two methods of making fixed-oil emulsions, viz., the 
Continental and the English. The Continental method is the most 
commonly used procedure and one especially adapted to the begin¬ 
ner. To prepare 100 cc. of Emulsion of Cod Liver Oil one should 
proceed as follows: Mix carefully in a mortar 12.5 Gm. of powdered 
acacia with 50 cc. of the oil. Next add 25 cc. of water to this mix¬ 
ture and triturate rapidly until a primary emulsion is formed. This 
should take place within a short time and is indicated by a distinct 
increase in viscosity and a sharp clicking sound upon trituration. 
Next add the flavoring and sweetening agents, transfer the emulsion 
to a graduated container, and make up to quantity by adding water, 
using it in small portions to rinse out the mortar. 

Success with this method depends largely on the speed of the 
trituration after the water has been added to the mixture of oil and 
acacia. It is essential for the mortar and all necessary vessels to be 
(‘lean and dry and also for the acacia to be thoroughly mixed witli 
the oil prior to adding the water to make the primary emulsion. 

The proportions of acacia, water, and oil in making primary emul¬ 
sions are in the ratio of 1, 2, and 4, respectively, as illustrated by the 
Continental method for preparing Emulsion of Cod Liver Oil. 
These are considered to be favorable proportions and may be varied 
somewhat, but not without limit. An increased amount of acacia 
would result in thicker emulsions. A lesser amount would result in 
thinner emulsions, which, if carried to extremes, would yield emul¬ 
sions so thin that the oil would readily separate. On the other hand, 
an emulsion containing only 10 per cent oil would require an 
increased amount of the emulsifying agent to stabilize it. Fixed-oil 
emulsions contain 25 to 65 per cent oil, the average being about 50 
per cent. 

The English method requires the same ingredients, but the pro¬ 
portions and the procedure are different. To make Emulsion of 
Cod Liver Oil by this method, prepare a mucilage of the acacia and 
water in the proportion of about 15 Gm, of gum to 30 cc. of solvent. 
To this mucilage, in a mortar, add the oil in small portions, triturat¬ 
ing after each addition until emulsified. A total of 30 cc. of oil 
should be used for the amounts of water and acacia indicated above. 
The formula is composed of acacia 1, water 2, oil 2, which varies 
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from that of the Continental method. The English method is used 
in making mayonnaise; in this case egg yolk serves as the emulsifier, 
and the oil is added a little at a time and emulsified after each addi¬ 
tion by trituration or whipping in the usual way. 

The above methods may be carried out by agitation in a bottle or 
by using egg beaters or mechanical emulsifiers of various kinds. All 
these ways of making emulsions not only are adaptable for fixed oils 
but may be used to emulsify liquid oleoresins such as copaiba and 
solids such as camphor, salol, menthol, resins, and waxes. The 
latter should be dissolved in oils before being emulsified. If any 
quantity of waxes is to be emulsified, this may be done by melting 
them before emulsification. Warm water and a warm mortar, also, 
would be necessary for this operation. 

Emulsions of volatile oils and other volatile liquids may be made 
by both the Continental and the English methods; but inasmuch as 
they are thin liquids and at the same time very volatile, it is perhaps 
wise to make them in a bottle, with brisk agitation. A proportion¬ 
ately larger amount of emulsifying agent may be needed for volatile 
liquids than for fixed oils. Emulsion of Oil of Turpentine is a good 
example of this, where 5 Gm. of acacia is required to emulsify 15 cc. 
of the rectified oil for each 100 cc. of the finished emulsion. How¬ 
ever, stable emulsions may be prepared with much smaller propor¬ 
tions of emulsifying agent to volatile oils than is indicated in the 
above formula. The stability of volatile-oil emulsions may be 
increased by mixing them with about an equal amount of a fixed oil 
prior to emulsification. As a rule, volatile-oil emulsions show 
creaming more readily than fixed-oil emulsions. However, the 
cream layers are usually easily diffused upon shaking. 

Emulsifying Agents. Reference has been made to the fact 
that acacia is the emulsifying agent of first importance in pharma¬ 
ceutical emulsions. This is largely true so far as the official emul¬ 
sions are concerned, but there are several other substances that are 
satisfactory emulsifiers. A few of these will be briefly described. 

Next to acacia, iragacanth is perhaps the most popular emulsifying 
agent used in pharmacy. Since it is largely insoluble, only about 
one-fourth to one-tenth as much of it, as compared with acacia, is 
needed as an emulsifier. The viscid, gel-like nature of the mucilage 
gives it the properties of emulsifying oil globules and retarding their 
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coalescence. Emulsions made with tragacanth are therefore more 
viscous than those made with acacia. For this reason it has been 
used in emulsifying thin liquids. 

Mucilage of Irish moss is used in the large-scale manufacture of 
emulsions and sometimes in small-scale production. In favor of its 
use are the facts that it is cheap, yields a mucilage with high viscas- 
ity, and produces white emulsions. In the form of a mucilage it 
spoils easily, and so preservatives of some kind, e.gr., sodium 
benzoate, are necessary when it is used. Acacia, tragacanth, 
gelatin, agar, and substances of like nature in the form of mucilages 
and dilute solutions have a tendency to spoil, and preservatives 
are always necessary. 

Agar is considered a good emulsifying agent for heavy liquids. 
It is so sparingly soluble that not more than I to 1.5 Gm. per 100 cc. 
of emulsion can be used. Lesser amounts are often used with acacia, 
the latter being necessary to give stability and whiteness to the 
emulsion. 

Gelatin solution is sometimes used to emulsify liquid petrolatum. 
The emulsifying power of gelatin solution is increased by dissolving 
an amount of potassium carbonate in it equal to, or somewhat 
greater than, the amount of gelatin used. Emulsions of this kind 
are said to have some use in veterinary practice. 

Yolk of egg is a valuable emulsifying agent. It is about the only 
agent that can be used when acids or large proportions of alcoholic 
solutions are to be added. Mayonnaise, which is so widely used, is 
made sour, or tart, to the taste by the use of vinegar or lemon juice. 
This is possible because egg yolk is the emulsifier. Glycerite of egg 
yolk is reputed to be a good emulsifying agent, especially for chloro¬ 
form, creosote, and resinous tinctures. 

Other substances that have emulsifying properties but a limited 
use in pharmacy arc condensed milk, casein, pancreatin, dextrin, 
extract of malt, honey, tincture of quillaja, tincture of senega, soaps, 
and certain insoluble substances such as milk of magnesia, lamp¬ 
black, precipitated calcium carbonate, bentonite, magnesium trisili- 
('ate, talc, fuller’s earth, and silica gel. Certain of these substances 
have more extensive uses in the preparation of commercial spraying 
liquids. 

Of the newer emulsifying agents, triethanolamine and its esters 
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are well known. Commercial tiiethanolamine, which has certain 
disadvantages as an emulsifying agent, is considered to be a mixture 
of bases, piincipally trihydroxytriethylamine [(CH 2 CH 2 OH) 3 ^N]. 
It reacts with the fatty acids of oils and fats, forming soaplike prod¬ 
ucts that lower the surface tension of water. The oil present is 

readily emulsified by agitation in 
the usual manner. These soaps ai e 
used widely in the toiletry industry. 

Certain of the higher alcohols, 
among them cholesterol and cetyl 
alcohol, aie useful for water-in-oil 
emulsions. Sulfonated oils and 
certain sulfates of the higher fatty 
acids aie corning into use in the 
making of ointments and lotions foi 
external use. 

Emulsion Machines. Emulsi¬ 
fying machines of the simpler types 
have been known in pharmacy for a 
long time. The Phenix emulsifier 
was an early example of the en¬ 
closed egg beater of the hand-driven 
type. Emulsifiers of this kind 
made it possible to produce emul¬ 
sions in gallon quantities. 

The variable-speed emulsifier op¬ 
erates on the same principle except that it is motor-driven and the 
speed can be varied. The capacity of this machine ranges from 5 
to 50 gal. 

Kitchen and soda-fountain electric mixers of various kinds have 
been used for making quantities of less than one gallon. 

Colloid mills of various types serve as emulsifiers in some in¬ 
stances. They subject the emulsion mixture to a tremendous shear¬ 
ing action, which causes the oil globules to be finely dispersed. 

Milk and other emulsions are often homogenized. Homogenizers 
are made to operate at high pressures, 1,000 to perhaps 5,000 lb. per 
sq. in. The emulsion mixture is forced through a fine opening under 
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great pressure against a valve head. The impact causes the globules 
of the emulsion to be shattered into innumerable smaller ones. 
Microscopic examination of a handmade emulsion will as a rule show 
the oil globules to be quite large on the whole and lacking in uni- 



Fig 9 5 M(M'hanical Fig 96 Laboratory model of a triple-aclion 
emulsifier colloid mill. {Coiirlesy of C. 0 Bartlett 4 Snow 


Company ) 

formity of size, l^^xaminat ion of the same emulsion after it has been 
homogenized shows that the oil globules not only have been greatly 
reduced in size but are quite uniform. Homogenized emulsions are 
much smoother and show ci earning at a much slower rate than hand¬ 
made emulsions. Emulsions may be recirculated through the 
machine, increasingly finer dispersion being the result. 
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One point of comparison between homogenizers and the stirring 
type of machines is that the former do not beat air into the emulsion. 
The presence of an undue amount of air in emulsions is sometimes a 
source of trouble, even hastening spoiling when certain emulsifiers 
are used. 

Not many pharmacists can afford to have a power homogenizer 
as a part of their equipment, but there is a small hand homogeniz(‘r 
on the market that is very reasonable in price (Fig. 97). 

The OfHcial Emulsions. There are three emulsions in the 
thirteenth revision of the Pharmacopoeia and four in the National 

Formulary VIII. Of this number, 
two are fixed-oil emulsions, two are 
emulsions of Liquid Petrolatum, and 
two are volatile-oil emulsions. The 
emulsifying agents used in the official 
emulsions are acacia in three, trag- 
acanth and extract of malt in one, 
glycerite of egg yolk in one, and soap, 
sulfonated oil, or other suitabki 
emulsifying agent in one. Nothing 
is added, in the case of emulsion of 
asafetida U.S.P. XI, except water. Asafetida is a dried gum resin. 
When it is mixed with water the gum dissolves and serves as the 
emulsifying agent for the insoluble resins present. 

The official emulsions have been thought of as extemporaneous 
preparations. However, permission is now given to vary the excipi¬ 
ent and the method of making certain of these emulsions so that it 
is possible for manufacturers to make official emulsions to be pack¬ 
aged and distributed in the usual way, provided that the emulsions 
are similar in viscosity and appearance to those made strictly by 
official methods. The use of a mechanical mixer is especially rec¬ 
ommended for making Emulsion of Liquid Petrolatum with Phenol- 
phthalein. The presence of agar makes it difficult to get a very 
satisfactory product by hand manipulation. In making Emulsion 
of Cod Liver Oil, permission is given to replace the methyl salicylate 
with other desirable flavoring agents in an amount not to exceed 1 
per cent. If the emulsion is to be prepared as a stock item, 7 per 
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(•eiit by volume of alcohol, replacing an equal volume of water, is 
recommended. 

Heavy liquid petrolatum is advised in the formula for Emulsion of 
Liquid Petrolatum. Mineral-oil emulsions have become a popular 
form of medicine in recent years. The official formula may be 
accepted as representative of these preparations. 

The extract of malt in the Emulsion of Cod Liver Oil with Malt is 
added essentially to improve the taste. However, malt has food 
value and because of its viscous nature aids in stabilizing the emul¬ 
sion. If Emulsion of Cod Liver Oil with Egg is to be kept for any 
length of time, some preservative in addition to the 8 to 9 per cent of 
alcohol present in the formula should be added, because the egg 
spoils easily. 

MISCELLANEOUS NOTES CONCERNING EMULSIONS 

Color. Most emulsions are white, a few are yellowish, and all 
are opaque. Transparent emulsions are possible when the refrac¬ 
tive powers of the immiscible liquids equalize each other. Sub¬ 
stances may be added to one liquid or the other to bring about this 
condition. 

Ingredients. There are three ingredients essential to every 
emulsion, two immiscible liquids or substances and the emulsifying 
agent. This holds also for the so-called “solid'' emulsions, such as 
butter, cold creams, hydrous lanolin, and axle grease. Of these 
constituents, one seems to be as important as another. Nature has 
caused incompatible substances, such as oil and water in milk, to 
exist harmoniously together. By the exercise of knowledge and skill 
man is able to make a great variety of emulsions for many uses in 
medicine, technology, and industry. 

Emulsifying Agents. The emulsifying agents are usually gums, 
mucilages, albumens, proteins in solution, or suspensions in favor¬ 
able concentrations. Certain of these substances form very viscid 
liquids or gels closely resembling mucilage of tragacanth. Emulsifi¬ 
cation with such agents is a more difficult procedure, but the product 
is perhaps a little more permanent. Emulsifiers of this type spoil 
readily; so preservatives of some kind, such as alcohol (8 to 12 per 
cent), benzoic acid, the esters of p-hyroxybenzoic acid, arid sodium 
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benzoate, are frequently added, especially if the emulsion is to be 
kept for some time. 

The Agitation. Brisk agitation is needed to make emulsions. 
If the emulsion does not form after a few moments of rapid tritura¬ 
tion, shaking, or stirring there is little hope of success by continued 
effort. Instead a new start should be made and the process 
repeated. 

It should be borne in mind that in making emulsions the briskness 
of the agitation is the essential feature in the procedure. One might 
stir or shake an emulsion mixture in a leisurely maimer all day with¬ 
out causing it to emulsify. Furthermore, when the emulsion has 
once formed, continued agitation is of no value. In fact, if con¬ 
tinued too long, it might cause the emulsion to break because of the 
coalescence of oil globules. 

Flavors. Flavors are added to emulsions to improve the taste. 
The usual pungent flavoring oils are not so pleasant and satisfactory 
as the softer flavors like chocolate syrup, coffee syrup, vanilla 
extract, and extract of licorice. Tlie oils of anise and cardamom 
have been recommended, but oils like cinnamon, winlergreen, and 
caraway seem to accentuate the fishy taste of cod-liver oil. 

Just when the flavoring agent should be added to the emulsion to 
be most effective is a moot question. Some authorities advise add¬ 
ing the flavor with the oil prior to emulsification, especially in the 
case of cod-liver oil. Others argue that better results are obtained 
by adding the flavors to the primary emulsion. It has been argued 
that the best results are obtained by adding the flavor in part to the 
oil to be emulsified and in part to the primary emulsion. 

Sweetening agents of some kind are needed with flavors for emul¬ 
sions. Syrup or saccharin solutions are those most frequently used. 
Undissolved sugar should mit be used, nor should an emulsion ha 
too sweet. In the case of cod-liver-oil emulsions, a little salt may 
improve the taste, but strong electrolytes are incompatible with 
emulsions. 

Breaking Emulsions. Emulsions are reasonably stable but 
may be split easily or broken by chemical and physical means. 
They may be broken also by exposure to extremes of heat or cold, 
especially freezing temperatures. The addition of strong electro- 
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lytes, in the form of either salts or solutions, and alcohol in high 
concentrations tends to break emulsions. These agents may affect 
the emulsifying agents or disturb the water phase in such a way as 
to destroy the emulsion system. Continued agitation has been 
known to break emulsions. 

Distinguishing Types of Emulsion. An oil-in-water emulsion 
may be diluted with water, within certain limits, without danger of 
breaking. The water-in-oil emulsion, however, cannot be diluted 
in any such fashion. 

An oil-in-water emulsion will conduct an electric current, while 
the water-in-oil emulsion will not. This is due to the fact that the 
water in the oil-in-water type of emulsion is the external phase and, 
except in special cases, contains electrolytes sufficient for the passage 
of a measurable current through it. 

The use of oil-soluble Sudan III dye has been recommended as a 
way of determining the type of emulsion. It should be added to the 
oil before dispersion. The dispersed globules, upon examination 
under the microscope, should show color. Water-soluble dyes, such 
as methylene blue, have been used in a like manner. However, this 
method is not wholly satisfactory. 

STUDY QUESTIONS 

1. Give the meaning of the word emulsion, 

2. Give the older definition for emulsions and compare it with the 
modern definition. 

3. Explain the emulsion phases. 

4. Give examples of (a) natural emulsions, (6) artificial emulsions. 

5. Explain how it is possible to cause immiscible liquids to exist homo¬ 
geneously together. 

6. Explain (a) primary emulsion, (6) creaming, and (c) breaking as 
applied to emulsions, 

7. Discuss the chemical nature of the commonly used emulsifying 
agents. 

8. Explain the terms oil-in-water and waier-in-oil emulsions. 

9. Explain and distinguish between the Continental and English 
methods of making emulsions. 

10. How do volatile oils and fixed oils differ in respect to emulsifying 
problems? 
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11. Why should acacia not be used as an emulsifying agent in making 

mayonnaise? 

12. How does triethanolamine function as an emulsifying agent? 

13. EIxplain the types of emulsifying machines. 

14. Discuss the problem of sweetening and flavoring emulsions. 

15. How may one distinguish between emulsion types? 
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Chapter 15 
EXTRACTION 


The process of extraction is made use of in pharmacy to obtain 
the desirable soluble constituents of both vegetable and animal 
drugs. It is also used to purify the desirable insoluble portions of 
certain drugs. It is widely used not only in the pharmaceutical 
industry but in many other industries as well. 

The process is one of partial solution; complete solution of the 
drug under treatment is not expected. In pharmacy the undis¬ 
solved residue of the drug that remains after being subjected to 
extraction is called the marc. The solvent used is commonly 
referred to as the menstruum. These features help to distinguish the 
process from one of complete solution. 

The Ebers Papyrus (1552 b.c.) indicates that the process of extrac¬ 
tion was known to the Egyptians and that water was the common 
solvent. During the Greek period it seems that wine became a 
solvent for the extraction of drugs. Galen (a.d. 130-200) is credited 
with having introduced the use of vinegar as a solvent. Several 
centuries later the alchemists prepared alcohol from wine and used 
it as a menstruum for making tinctures. 

While certain extraction procedures require the use of such organic 
solvents as ether, chloroform, or acetone, water or alcohol alone or 
hydroalcoholic solutions of varying proportions are the most com¬ 
monly used menstruums. The choice of solvent to be used in an 
extraction experiment is determined largely by the nature of the 
product or products to be extracted. Therefore to understand 
extraction requires considerable knowledge about the drug itself and 
the solubility of its desirable constituents. The product of the 
extraction process is often referred to as the extractive. 

It is not at all easy and it is not often practicable to extract drugs 
to complete exhaustion. The cellular nature of drugs virtually pre- 
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eludes this. No matter how carefully one carries out the extraction, 
the capillary nature of the cellular structure of drugs will retain 
certain amounts of the liquid even though the whole is subjected to 
expression. The liciuid so retained contains a certain proportion of 
the soluble constituents of the drug. This leads to an important 
principle that should always be followed in extraction processes: A 
drug is much more effectively extracted by repeated applications of 
small portions of the menstruum than by one or two applications of 
much larger volumes. 

Other conditions being the same, powdered barks and leaves are 
more easily extracted than seeds and root drugs. In the former the 
cellular structure is more open and woody and the cell content is 
freer of troublesome gums, mucilages, and starches than in the latter 
group. Tannin is a plant constituent that is widely distributed in 
nature and that is found in large amounts in bark and leaf drugs. It 
is soluble in most of the solvents, is to be found in the extractive 
preparations, and is often a source of incompatibilities. 

The process of extraction has extensive pharmaceutical use in the 
preparation of infusions, decoctions, tinctures, fluidextracts, resins, 
oleoresins, and vinegars. These extractive preparations are made 
by the application of one or more of the extraction processes, 
viz,, maceration, expression, percolation, digestion, infusion, and 
decoction. 

In carrying out an extraction process it is necessary to give atten¬ 
tion to the condition of the drug. Some drugs may be easily 
extracted in the form of coarse powders. Others need to be finely 
powdered in order to ensure proper extraction. In any case the 
drug particles should be fairly uniform in size. In certain cases 
some form of agitation ensures a more thorough extraction oi the 
drug. The extraction process has made it possible to obtain the 
active medicinal agents of many plants, such as quinine from cin¬ 
chona, strychnine from nux vomica, and morphine from opium, all 
of which are highly purified chemicals of inestimable therapeutic 
value. 

Maceration. The process of maceration is one of soaking the 
drug in the menstruum prior to expression or percolation. It is 
usually carried on at room temperature and extends over a period of 
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time from a few moments to several days. At the expiration of the 
period the liquid is separated from the drug by decantation, percola¬ 
tion, filtration, or straining, sometimes followed by expression. 
Maceration finds application in the making of tinctures from drugs 
that do not percolate well. These include such balsamic drugs as 
tolu and benzoin. With alcohol or other volatile menstruums, 
maceration should be carried on in closed containers. Fruit jars of 
the proper size are good for this purpose. Even so the process is 
not a very efficient one, because it is difficult to exhaust the drug by 
this method. However, a number of the tinctures of the Pharma¬ 
copoeia and the National Formulary are made by the maceration 
process. 

The process of digestion is merely a modification of the maceration 
procedure and differs from the latter only in that it is carried on at 
temperatures somewhat higher than room temperature. 

Infusion. The process of infusion is usually that of the solvent 
action of boiling water on drugs. Cold water is used in certain 
instances. The drug particles should be uniform in size, usually in 
a coarse state. The drug may be suspended in the hot water in a 
porous bag of some kind. However, the usual procedure is to put 
it in a suitable vessel, usually of porcelain or glass, and to pour boil¬ 
ing water on it. The drug is allowed to soak in the water until the 
latter is cool or perhaps for a specified time, 30 min. in the case of 
infusion of digitalis. After the proper p^iriod of soaking has elapsed, 
the drug, if suspended in a bag, may be removed. If in the water it 
may be removed by straining or filtering. In either case, the residue 
is usually expressed. 

The making of tea is a good example of the infusion process. 
The desirable constituents are water-soluble and often volatile and 
aromatic. 

Infusions are extemporaneous preparations and are little used in 
this country. None are official in the thirteenth revision of the 
Pharmacopoeia. One is official in the eighth edition of the National 
Formulary. The general formula of the Pharmacopoeia for making 
infusions states that 50 Gm. of the drug should be used for each 
1,000 cc. of the finished product. 

Decoction. In preparing decoctions, the drug, in a coarse state 
of division, is put into cold water and the whole boiled for a stated 
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length of time, fifteen minutes or longer. This is done in a covered 
container of suitable capacity and the mixture strained after cooling. 
The preparation of coffee by boiling is a good example of the decoc¬ 
tion process. The residue, after straining, may be washed with 
additional water, expressed, and made up to the proper volume. 

Decoctions, like infusions, should be freshly prepared, for water 
extractives and mucilaginous and albuminous constituents from the 
drug, along with those which are more desirable, are good media for 
the growth of fungi, molds, and bacteria. For this reason decoc¬ 
tions may show deterioration within a few hours. The use of pre¬ 
servatives for such preparations is usually avoided, although the 
small amount of alcohol used in making infusion of digitalis acts as 
a preservative. 

Most of the so-called “extractive” liquid preparations show the 
formation of a sediment Upon standing. Infusions and decoctions 
are perhaps the worst offenders in this respect. The longer they 
stand, the worse they appear, especially if fungi and molds develop. 

Infusions and decoctions are a much more acceptable form of 
medicine in the cou!itries of Europe and Asia than in America. 
Much attention is given, in these countries, to the use of the proper 
vessels. Infusion jars, usually of porcelain, are well known. These 
serve in the same way as do teapots for making tea. Decoctions 
are often prepared in earthenware casseroles. Enameled ironware 
vessels may be used for the same purpose. 

Lixiviation. An old term used to describe a crude form of 
extraction is lixiviation. This is often referred to as leaching. The 
process has application in extracting inorganic material, usually 
present in small proportions. Extraction, as usually carried on in 
pharmacy, is chiefly for the purpose of obtaining soluble organic 
material. In the early days in this country it was a common prac¬ 
tice to collect the wood ashes from stoves, put them into barrels or 
similar containers, and pour water over them. In passing down 
through the ashes the water dissolved out the soluble alkali carbon¬ 
ates. With proper attention to the process the drip from these 
barrels was strongly alkaline and served as a source of lye to the 
early settlers, who used it in making soap and for other purposes. 

This form of percolation is used in the arts and for extracting 
marine plants but is not used extensively in pharmaceutical practice. 
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Percolation. Theory and Problems. As a process of extraction, 
percolation is not always applicable, but it is perhaps the most 
widely used of all the methods, especially in pharmaceutical practice. 
By the percolation process it is possible to extract a drug completely 
with the minimum amount of menstruum and with no need of filter¬ 
ing the percolate, as this is automatically cared for in the procedure. 

Percolation may be defined as a process by which drugs are 
extracted by allowing a menstruum to pass through them in a suit¬ 
able container called a percolator. The menstruum is usually 
allowed to flow by gravity downward through the drug, but it may 
be made to flow up through the drug by pressure. The principle of 
the percolation process was made use of long before it w as applied to 
drug extraction, as was mentioiu'd in connection with the leaching 
of wood ashes, a process that was known centuries before it was used 
to prepare medicinals. Percolation, as a process, is included in all 
the modern pharmacopoeias. 

The percolation procedure is a simple one. Yet when one tries to 
understand what occurs when a menstruum passes downward 
through a drug in a p< 3 rcolator, a number of complications present 
themselves. First, dried drugs are used. This means that the cell 
contents and the cellular structures are dry and shrunken and under 
such conditions do not respond to the solvent action of liquids and 
chemical substances as live tissues do. Second, drugs are subjected 
to percolation with a view to dissolving out certain of the valuable 
constituents. Since most of the solvents used for this purpose are 
not highly selective, many undesirable constituents are extracted 
along with the desirable ones. 

There is more to a successful percolation experiment than merely 
pouring the menstruum up<jn the drug. First, the drug needs to be 
properly prepared as to degree of fineness. It must be allowed to 
soak in the menstruum for a while before being subjected to percola¬ 
tion. This permits the dry drug to become moistened and to swell, 
which makes it possible for the menstruum to permeate the softened 
and ruptured cellular structures. At the same time the dissolved 
constituents will diffuse out and be carried down as a part of the 
percolate. Successive additions of fresh menstruum to the drug 
cause a change in the concentration of the liquid residue within the 
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marc. This in turn sets up further diffusion of the soluble cell 
constituents and causes more of them to be carried out into the 
percolate. 

Since the principle of diffusion is at work in the percolation proc¬ 
ess, the menstruum should not be allowed to pass through the drug 
loo rapidly. After the addition of a fresh quantity of the men¬ 
struum to the drug, a period of maceration should follow before 
percolation is allowed to proceed. Some have suggested a period of 
24 hr. This would not be necessary if the rate of flow of the perco¬ 
late were carefully regulated. The rate of flow of percolation should 
be slow enough to guarantee the maximum degree of extraction. 

Some drugs may be macerated quite well in the percolator. 
Others swell to such an extent that preliminary maceration should 
take place in a closed container. In small operations, fruit jars 
serve the purpose satisfactorily. After such a maceration period 
the damp drug may be transferred to the percolator, properly 
packed, and percolated in the usual manner. Husa* and his 
coworkers have given considerable attention to the problem of the 
permeation of cell walls by various solvents and to the influence of 
the structun‘ of vegetable drugs on the extraction of their constit¬ 
uents. Their results indicate that water causes the greatest 
amount of swelling of plant tissues, that gl>cerin, while more slowly 
absorbed, causes swelling about equal to that of water, and that 
alcohol will cause some swelling. These workers conclude also that 
long periods of maceration are not necessary for complete swelling 
and extraction and that powders from No. 20 (coarse) to No. 80 
(very fine) fineness have no particular influence on the efliciency of 
extraction. 

History, While the principle and the process of percolalioi have 
been understood and used as a crude method of extraction for a long 
time, only recently has it been used to extract drugs. 

Couch^ says that to two Frenchmen, Robiquet and Boutron, 
belongs the credit for introducing percolation as a method in organic 

' W. J. Husa. ,/. Am. Pharm. Assoc. 23, 891-901, 980-984, 1097-1103, 
1187-1196 (1934). 

* J. F, Couch. “Early History of Percolation,” Am. J. Pharm. 91, 16-24 
(1919). 
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chemistry but that the Boullays, father and son, should be given 
credit for establishing it as a pharmaceutical process about 1835. 
The Boullays were skillful pharmacists and by experimentation 
showed that percolation is superior to the old process of maceration. 
These investigators insisted that this method of displacement, as 
they called it, had a great future and should revolutionize pharma¬ 
ceutical practice. Other French workers did much to confirm the 
observations of the Boullays and to establish percolation as an 
extraction process in pharmacy. 



(200 Gm. of powder) (200 Gm. of powder) (200 Gm. of powder) 

Fig. 98. Percolators. 

French pharmacists are therefore considered to have established 
percolation as a pharmaceutical procedure. To American pharma¬ 
cists belongs the credit for developing and applying it extensively 
in pharmacy. A. Duhammel in 1838 was the first American to 
write about it, and E. Durand of Philadelphia was perhaps the first 
to make use of it. Other American pharmacists who contributed 
much to the knowledge and use of the percolation process were 
Procter, Grahame, Squibb, Diehl, Lloyd, Oldberg, Scoville, and 
Husa. It is still a subject of considerable study and investigation. 

Percolators, Pharmacists recognize the percolator as a special 
piece of equipment of well-established conformation and usually 
made of glass. Percolators also are often made of metal, which is 
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frequently lined with glass. Large percolators have been made of 
wood. 

There are three types of shape, viz,, conical, Oldberg, and plain. 
A funnel is a good example of a conical percolator. As a matter of 
fact, funnels have been used at times as percolators and for certain 
extractions serve rather well. A funnel with its 
flaring sides allows drugs to swell without packing 
too tightly. f 

The Oldberg, or narrow, percolator is almost cy¬ 
lindrical in shape. For this reason the drug column 
is much longer as compared with its width than in 
plain or conical percolators. This should result in 
more efficient extraction of the drug per unit vol¬ 
ume of the menstruum. The plain percolator is 
less conical in shape than a funnel but more so than 
the Oldberg percolator. It is referred to as the 
ordinary type of percolator and serves for most of 
the simple percolation exercises in pharmacy. 

These percolators are shown in Fig. 98. 

There are practical variations of the three types 
of percolator in use. Long, narrow, cylindrical 
percolators have had some use in recent years in an 
experimental way. They permit a much longer 
drug column as compared with the diameter than 
ordinary percolators. Some are covered and 
equipped with a stopcock at the bottom so as to 
minimize evaporation of the menstruum and regu¬ 
late the flow of the percolate. Percolators of \ ery 
large sizes are often seen in industry. These are 
usually made of metal and are sometimes porcelain- let exUactor^" 
or glass-lined. Some are jacketed so that extrac¬ 
tions may be made at increased temperatures. 

Continuous Extraction. The Soxhlet extractor permits continuous 
extraction to proceed for several hours, using a minimum of solvent. 
It is useful in extracting small amounts of certain ingredients such 
as fats, oils, oleoresins, and resins from drugs. It is dependent on 
the use of heat to volatilize the solvent, which, in turn, is condensed 
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in such a manner as to drop upon the drug contained in a paper 
thimble. When a certain amount of the charged menstruum has 
accumulated, it siphons over into the receiving flask and the men¬ 
struum is volatilized and starts on its round again. In this way 



Fig. 100 IJoyd extractx)r and concentrator. 


small amounts of menstruum are made to accomplish extraction 
over and over. This is a very useful process in certain assay deter¬ 
minations and in research (see Chap. 11). 

The Lloyd extractor and concentrator makes use of the principle 
of continuous extraction. It is valuable equipment, especially for 
research and small-scale extractions. This extractor is an inven¬ 
tion of J. U. Lloyd of Cincinnati, one of America’s most illustrious 
pharmacists (Fig. 100). 
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Diacolation. The process of diacolation was devised by Breddin, 
a German apothecary, in 1930.i The apparatus consists of a series 
of cylindrical percolators connected to one another. The men¬ 
struum is forced through the percolators by means of air pressure. 
It is rather troublesome to change such equipment, but it is possible 
to get good extraction with a minimum amount of menstruum. The 
following workers have experimented with this method and report 
favorable results: Gstirner- and Keller^ in Germany; and Ilusa and 
Huyek,^ and LeFevre and Lee,^ in America. The Upjohn Company, 
Kalamazoo, Mich., has recently installed several batteries of large 
percolators that operate on this principle. This was done following 
an extended study of the process by W. F. Knz (Fig. 101). 

Pressure percolation is based on the theory that if 1000 Gm. of drug is packed 
firmly in a sufTiciently long column, extraction of the drug is assured by the 
collection of 1000 cc. of percolate. From the practical commercial viewpoint, 
the minimum column length which will thus extract most drugs must be 
selected. 

Some drugs, notably cinchona, nux vomica, hydrastis, and possibly others, 
are less readily extracted than the average drug. For these, more than the 
usual one volume of j)ercolale must lie collected, but relatively the same savings 
apply. 

Pressure j)ercolation may l)e considered as a modified Process C with the 
exception that percolation is continuous between divided portions. Pressure 
^lercolation has lieen adopted by the National Formulary as Process E. 

The advantages of pressure percolation are 

1. A high-water content soft extract is not involved, which, when added to 
a reserve, forces precipitaiion by reducing the alcohol content. This tends to 
make somewhat more stable fluidextracts. 

2. Total solids are uniformly lower by pressure j>ercolation when the active 
principles are the same as, or higher than, for a fluidextract prepared by Process 
A. 


» H. Breddin. Pharm. Zig. 79, 148 (1943). 

*F. Gstirner. Pharm. Zfg. 79, 310-312 (1934); Chem. Abstracts 28, 3838 
(1934); Standeszt. Deut. Apoth. Zfg. 49, 742-744 (1934); C/iem. Abstracts 29, 6700 
(1935). 

» F. Keller. Standeszt. Deut. Apoth. Ztg. 49, 592 (1934); Chem. Abstracts 28, 
3835 (1934). 

* W. J. Husa and C. L. Huyek. J. Am. Pharm. Assoc. 27, 211-217, 280-295 
(1938). 

» H. F. LeFevre and C. O. Lee. J. Am. Pharm. Assoc. 29, 233-236 (1940). 
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3. Heat can be avoided, which, in some instances, may cause deterioration of 
active principlevS, 

4. Since less menstruum is required for total extraction, less alcohol loss is 
incurred. 



Fig. 101. Commercial pressure-percolation apparatus. {Courtesy of Upjohn 
Company.) 

5. Time of manufacture is reduced, as percolation time is less and evapora¬ 
tion in vacuo is less often required. 

6. Since time of manufacture is reduced, a smaller number of percolators is 
required to produce a given production volume. 

The Percolation Process. Much has been said about the theory of 
extraction and the various ways of accomplishing it. Management 
of the process requires attention to many details. The discussion 
that follows is intended for the student or pharmacist who 
expects to carry on a small-scale percolation operation. 
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After the amount of percolate, whether fluidextract, tincture, or 
some other extractive product, has been decided upon, one should 
choose a percolator of the proper size and shape. An ordinary 
slightly conical glass percolator serves 
most purposes well. A cork is selected f \ 

to fit the lower orifice tightly. A hole 
is made through the center of the cork. Wr-EIP £3^ 

A short piece of glass tubing, both ends 
fire-polished, is inserted into the cork ^ 

and just beyond the upper end of the | 

latter. It should extend 3 to 5 cm. .ii.i. 

hn^yond the lower end of the cork. To 

this should be attached a short piece of Menstruum 

closely fitting rubber tubing, perhaps 1 ^ T paper 

cm. in length. A short piece of glass 
tubing should next be inserted into the 
outer end. A screw clamp should then 

be placed on the rubber tubing in such ^ ^ 

a manner as to aid in regulating the 

flow of menstruum during operation or 

to close it off. Another means of con- - ,, 

11 * 1 n • '' — r liter paper 

trolling the flow of the menstruum is to 

make use of the principle of the siphon. 

This may be done b> attaching a rub- -p ^ Free space 

ber tubing at the end of the percolator 

that is somewhat longer than the perco- 4 --flfl 

lator itself. The end of the rubber ^ J Lkl 

, , ij« K /'ll ^aSder tubing 

tube may be suspended in such a man- / 11 

iier as to produce a siphonlike flow of <Screw clamp 

the percolate at almost any level de- Apparatus for 

Sired, It is possible by this arrange¬ 
ment to carry on a percolation without having the drug drain dry 
until the outlet tube has been lowered to the proper level (tig. 102). 


A—Drug 


1'-“ Filter paper 
Cotton 
^ Free space 


/ II Rubber tubing 
^Screw damp 

Fig. 102. Apparatus for 
simple })crcolatioii. 


While it is fairly easy to set up a percolator, it is not so simple to 
obtain or prepare drugs of the proper degree of fineness for efficient 
percolation. The desired amount of air-dried, powdered drug 
is usually weighed and put into a suitable dish for dampening. 
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Enough menstruum to render the drug distinctly damp is poured 
carefully upon it and stirred until a uniform mixture is obtained. 
This may be accomplished easily by mixing it with the fingers. In 
the case of fine powders it is sometimes advisable to press the damp 
powder through a coarse sieve. This will break up the large lumps 
and leave the powder uniformly granulated. Coarse powders 
should not need this treatment. The damp powder may next be 
placed upon a clean piece of white paper and transferred to the 
percolator. This should be done slowly. In order to keep the drug 
from packing too much on one side of the percolator, the latter 
should be rotated while the drug is being transferred to it. The 
percolator should then be tapped on the side sufficiently to cause the 
drug to settle uniformly throughout the percolator and finally 
pressed gently from the top. It is not easy to suggest just how 
much pressure should be applied in packing a percolator because of 
the varying nature of the drugs used. However, the student is 
urged to use extreme caution at this point. 

Prior to adding the drug to the percolator it is necessary to put a 
pledget of cotton into the neck of the latter just above the cork. 
Beginners are apt to use too much cotton and press it in so tightly 
that it is difficult for a heavily loaded menstruum to get through it. 
The cotton is best placed by pushing a thin pledget of it into the 
neck of the percolator just above the cork containing the glass 
tubing. It serves as a filter to hold back crude drug particles. 

One is able to judge whether the packing has been well done by 
watching the menstruum pass down through the drug. If it flows 
down evenly all around, then one may feel assured that the drug has 
been properly packed. 

The top of the drug is often disturbed by the addition of fresh 
portions of the menstruum. This may be avoided by adding a 
layer of white sand or glass beads to the drug or by placing a filter 
paper or a layer of cotton upon the surface of it and holding it in 
place by a glass weight or short pieces of glass tubing or rod. 

After the drug has been carefully packed into the percolator and 
covered well with a layer of the menstruum, it is usually allowed to 
macerate for a directed period of time before starting the percola¬ 
tion. A percolator should never be more than three-fourths filled. 
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If the drug swells much during this period, it may become packed so 
tightly that the menstruum will not go through it. When this 
happens, the wisest thing is to decant the excess menstruum, transfer 
the wet drug to a suitable dish, and allow it to dry sufficiently for 
regranulation and repacking. Unless there is too much resin in the 
drug, it should percolate satisfactorily after such a treatment. 

Most percolators are finished with a ground-glass upper edge. 
This makes it possible to close them tightly, during the maceration 
period, with a glass plate after the ground surface has been given a 
thin coat of petrolatum or glycerin. An airtight system is thus pro¬ 
duced, and air must be admitted at the top of the percolator when 
the drug is ready for percolation. 

After the percolation has started, to prevent it from drying out 
the drug should be kept covered with a layer of the menstruum. 
When the menstruum disappears from the surface, not only does the 
drug dry out but air gets into the capillary spaces and extraction is 
greatly retarded. Moistening the drug before packing not only 
causes it to swell and soften but allows occluded air to escape. If 
drugs are put into percolators in the dry condition, the finer particles 
trickle down toward the bottom of the percolator. Then when the 
first menstruum is added from the top, more of the finer particles are 
washed down and the lower end of the percolator is apt to become 
congested, all of which interferes with extraction. 

The Rate of Flow, Of the many factors influencing the success 
of percolation, one of the most important is the rate of flow of the 
percolate. If the rate is too rapid, the drug is not exhausted with 
the amount of the menstruum allotted to the procedure. If too 
slow, much valuable time may be wasted and too great loss of the 
menstruum by evaporation may take place. The Pharmacopoeia 
and the National Formulary indicate three rates of flow for fluid- 
extract percolates, viz., “slowly,” “a moderate rate, ” and “rapidly.” 
The amounts of percolates to be collected for each rate are, respec¬ 
tively, not exceeding 1 cc. per min., 1 to 3 cc. per min, and 3 to 5 cc. 
per min. These rates of flow are not rigid but do serve as guides to 
the inexperienced. In the manufacture of tinctures in which the 
ratio of menstruum to drug is much larger, the rate of percolation 
can be much faster. In any case the rate of flow should be designed 
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SO as to extract the medicinal constituents of the drug with a mini¬ 
mum of the menstruum and within a reasonable length of time. 
This is especially so when concentrated percolates are sought. 

Degree of Fineness of the Drug, The degree of fineness of the 
drug under treatment is important. This in turn is dependent 
on the nature of the drug. For example, it is impossible to percolate 
squill in a finely powdered condition. However, cinchona in a fine 
powder is easily extracted. Finely powdered drugs are more easily 
extracted with strongly alcoholic or ethereal menstruums than with 
hydroalcoholic solvents. On the other hand, certain of the coarser 
powders are more readily extracted with hydroalcoholic and aqueous 
menstruums. 

Exhaustion of the Drug, The object of percolation and other 
extraction processes is to exhaust the drug of its important medicinal 
constituents. The simplest way to judge this is by the color, odor, 
and taste of the percolate. Almost all percolates from vegetable 
drugs show color, A colorless percolate indicates that the drug is 
exhausted at least with respect to color. The aromatic drugs 
impart odors to their percolates in about the same way; and the 
bitter-tasting drugs, such as cascara sagrada and quassia, gradually 
lose their bitterness upon being percolated. 

In the case of those drugs which yield alkaloids, such as nux 
vomica and cinchona, it is possible to subject a few drops of the 
percolates to chemical tests to detect the presence or absence of 
alkaloids. Resinous principles are easy to detect by adding a few 
drops of the percolate to water. Resinous substances in alcoholic 
solution usually show a white, cloudy precipitate when added to 
water. There are other tests that could be mentioned, but these are 
sufficient to indicate that there are many ways to judge the degree to 
which a drug has been exhausted by percolation. 

When a quantity of drug has been exhausted, a certain amount 
of the menstruum always remains behind in the marc. For the 
large-scale manufacturer, the loss of large amounts of alcohol is 
something to be avoided. Under such conditions the marc is 
usually expressed, centrifuged, or subjected to distillation for 
purposes of recovering the alcoholic residues in the extracted 
drug. 
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Since most percolates are more or less alcoholic, they should 
be collected in receivers of such shapes as will minimize loss by 
evaporation. Narrow-mouthed graduated bottles serve the purpose 
well. If graduated bottles are not available, it is not difficult to put 
temporary graduation marks on the bottles being used. 

Repercolalion. Perhaps no one American pharmacist ever 
gave more thought and effort to the problems of percolation than 
Dr. E. R. Squibb. He sought ways to economize in the use of 
alcohol without sacrificing the quality of the finished product. As a 
result of extended studies, he devised the repercolation process, 
sometimes termed the Squibb process. He defined it as “the 
successive application of the same percolating menstruum to fresh 
portions of the substance to be percolated.” 

The process for making fluidextracts was carried out as follows: 
1,000 Gm. of the drug was divided into five 200-Gni. portions. 
These were numbered 1, 2, 3, 4, and 5, respectively. Portion 1 
was moistened, packed, and percolated in the usual way. The 
first 150 ec. of the percolate was set aside as a portion of the finished 
product. Percolation >\as continued, the percolate being collected 
in 200-cc. portions until the drug >\as exhau»ted, which meant that 
perhaps four or five portions were collected. These may be desig¬ 
nated a, 6, c, d, e, etc. A second 200-Gm. portion of the drug was 
then moistened with weak percolate a and packed and percolation 
continued, the weak percolates 6, r, d, and e being used in succession. 
The first 200 cc. of this percolate was set aside as a portion of the 
finished fluidextract. The percolation was continued in the manner 
just described, fresh menstruum being used at the end if necessary. 
The third, fourth, and fifth portions of the crude drug were extracted 
in this manner. The five lots of reserved portions, totaling 9"0 cc., 
were then combined. In addition, there were four or five lots of 
weak percolates a, fe, r, d, and e to be set aside for use in extracting 
the next lot of the same drug. 

Naturally, a certain amount of the extractive material was 
retained in the weak percolates. Dr. Squibb was able to show that 
a weak solution of the constituents of a drug is a better solvent for 
the active principles of the crude drug than the plain fresh men¬ 
struum. This observation gave much suppiort to the repercolation 
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process. Process C of the Pharmacopoeia is similar to the Squibb 
process. 

Most of the problems of percolation seem to center in the manu¬ 
facture of fluidextracts, owing perhaps to the fact that they are the 
most difficult class of the extractives to prepare. The Pharma¬ 
copoeia and the National Formulary describe the process by which 
fluidextracts are made. The student is referred to these books for 
the details of making not only fluidextracts, but also extracts, 
tinctures, resins, oleoresins, and other preparations made by the 
process of extraction. 

Much more detailed discussions of the extraction process may be 
found in the references at the end of this chapter. 

STUDY QUESTIONS 

1. Explain the term partial solution. 

2. Explain the difference between solvent and menstruum. 

3. Why are drugs more thoroughly extracted by repeated applications 
of small amounts of a menstruum than by one application of an equal 
amount? 

4. Name several important pure chemicals obtained by extraction. 

5. Why is the process of infusion unsuited for making decoctions and 
vice versa? 

6. In the process of percolation explain why so much attention is given 
to (a) proper size of drug powder, (5) maceration, (c) packing of the drug 
in the percolator, (d) rate of flow of the percolate. 

7. What is meant by diffusion, and how does it apply to processes of 
extraction? 

8. Explain some of the ways to determine whether a drug has been 
exhausted by percolation. 

9. Explain (a) the pressure-percolation procedure, (6) the process of 
continuous extraction. 

10. Explain the process of repercolation and its advantages, if any. 
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Chapter 16 

PRECIPITATION, CRYSTALLIZATION, 

AND GRANULATION 

Precipitation. Precipitation is the process of separating one or 
more constituents of a clear liquid into a finely dividend solid form. 
This is usually accomplished by mixing two clear solutions. If, 
when the solutions are mixed, the proper conditions of ionic equilib¬ 
riums are set up, i.e., if the right ions are present under the proper 
influences, certain pairs or groups of ions will unite to form molecules 
of compounds which are only slightly soluble in the liquid that pro¬ 
duced them. The solid that is formed separates out and is called a 
precipitate, A precipitate, therefore, may be defined as a solid sep¬ 
arating from a solution. The physical character of a precipitate is 
usually described by the terms crystalline, granular, bulky, heavy, 
dense, flocculenl, gelatinous, or amorphous. Terms descriptive of 
color and quantity are also used. 

The importance of precipitation to pharmacy cannot be over¬ 
emphasized. It is intimately connected with the manufacture of 
medicines, their qualitative and quantitative analyses, their preser¬ 
vation, their incorporation into prescriptions, and fheir functioning 
as therapeutic agents in the body. Some of its applications to 
pharmacy are described below. As the student becomes more 
familiar with his profession, he will be able to extend the list 
appreciably. 

The manufacture of medicines is greatly facilitated by the process 
of precipitation. Precipitated Chalk of the Pharmacopoeia is an 
example of a drug made by this method. A solution of calcium 
chloride is treated with a solution of sodium carbonate, which causes 
insoluble calcium carbonate to form and to separate out in a fine 
state of subdivision. The official bismuth salts are largely made by 
precipitation methods. It is obvious that only those compounds 
which are relatively insoluble can be satisfactorily made by this 
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procedure. There are times, however, when the insolubility of a 
compound becomes troublesome, so that in some manufacturing 
processes the pharmacist and pharmaceutical chemist have the 
problem of guarding against undesirable precipitation. Pharma¬ 
ceutical manufacturing laboratories making Solution of Lead Sub¬ 
acetate N.F. \TII must take precautions against the precipitation 
of the very insoluble lead carbonate in the finished product. Phar¬ 
macists making Solution of Iron and Ammonium Acetate N.F. VIII 
must guard against the iron being subsequently precipitated as a 
basic ferric acetate. 

Careful control of tendencies toward precipitation frequently 
enables the manufacturer to separate a substance from its con¬ 
taminating materials or to alter certain of its physical properties, 
such as its density, color, hardness, or solubility. 

Drugs must be analyzed after they are manufactured to ensure 
both their identity and their purity. The analytical methods used 
may be either qualitative or quantitative. Regardless of the nature 
of the method, precipitation is likely to play an important role. 
Inspection of the tests for purity and identity and of the assay 
methods listed in the official monographs for the various substances 
described shows how much precipitation is relied upon. For exam¬ 
ple, one of the common tests for the identity of calcium salts involves 
proving the presence of the calcium ion through the formation of 
insoluble calcium oxalate when a solution of ammonium oxalate is 
added to a neutral or alkaline solution of the calcium preparation. 
The identities of the calcium salts of the Pharmacopoeia are con¬ 
firmed in part by this precipitation method. A typical quantita¬ 
tive use of precipitation is made in the assay of Magnesium Sulfate. 
A solution of the sulfate is treated first with a solution of sodium 
phosphate, then with stronger ammonia test solution. A precipi¬ 
tate of magnesium ammonium phosphate is the result. This is then 
converted into magnesium pyrophosphate by heating. The 
weight of the pyrophosphate formed is converted to the equivalent 
weight of Magnesium Sulfate by means of a factor given in the 
Pharmacopoeia. 

Precipitation is important in the preservation of medicines. In 
many drug products deterioration is manifested as they age by a pre- 
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cipitate gradually accumulating at the bottom of the container. 
The deposit is usually a decomposition product formed by the slow 
chemical and physical changes in the active constituents of the 
preparation. If this precipitation could be prevented, loss of 
activity and changes in physical appearance could frequently be 
almost eliminated. 

In the dispensing of medicines, precipitation often bc^comes 
important. Many times the ingredients in a presc ription react 
with each other in solution to form insoluble compounds. Precipi¬ 
tates of this kind formed during compounding belong to a class of 
dispensing difficulties known as incompatibilities. Incompatibili¬ 
ties fall into three broad categories, (1) physical, which has to do 
largely with solubilities; (2) therapeutic, in which drugs of antago¬ 
nistic physiologic action are called for in the same prescription; and 
(3) chemical, which involves the formation of undesirable color 
changes, gaseous products, and precipitates. Since the latter type 
of incompatibility sometimes is dangerous to the patient or since, if 
not dangerous, it may at least interfere with th<‘ normal therapeutic 
action of the medicine involved, its study is an important branch of 
pharmacy. 

Certain of our medicines produce their therapeutic effects through 
precipitation. For example, astringent drugs frequently owe their 
medicinal virtues to their ability to precipitate protein material 
within tissue cells. Many antidotes for poisons are effective only 
because they react with the poison to produce precipitates, which, 
because of their insolubility, cannot further damage the body. A 
large group of antiseptics carry on their work of destroying bacteria 
by precipitating the cell contents. Some of the more efficient treat¬ 
ments for severe burns require the application of protein precipi- 
tants to the areas denuded of skin. There are numerous other 
situations in which the mechanism of precipitation plays an impor¬ 
tant therapeutic role. 

Diagnosis of disease is sometimes greatly facilitated by precipita¬ 
tion reactions. The clinical laboratory technician performs tests 
on the various fluids of the body. In certain instances positive or 
near-positive indications of disease are given by the appearance of 
characteristic precipitates. Diagnosis of diabetes is an excellent 
example of the clinical value of precipitation. One of its character- 
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istic symptoms is a sugar-bearing urine. When mixed with 
Fehling’s solution the sugar reduces the copper sulfate to form first 
a yellow precipitate of cuprous hydroxide and then a red precipitate 
of cuprous oxide. The appearance of these precipitates is con¬ 
sidered evidence of diabetes. 

It should be apparent from these examples that some knowledge 
of the chemistry of precipitation is invaluable in pharmacy. The 
chemistry of thi formation of simple precipitates is nicely illustrated 
by the uncomplicated series of equilibriums that are set up when 
solutions of silver nitrate (AgNOa) and hydrogen chloride (HCl) are 
mixed. The ions of both compounds behave in accordance with the 
equations below: 

AgNOa ^ Ag+ H- NOs" 

nci Cl- + 

11 jr 

AgCll IINO 3 

Of all the possible combinations of ions in these equations, the 
one forming silver chloride (AgCl) is the only one that is insoluble. 
It therefore separates from the solution in the form of a precipitate. 
For all practical purposes the separation is complete, ne., all the 
silver chloride is removed from solution by precipitation. Actually, 
however, there is no such thing as complete insolubility, for even 
such insoluble compounds as silver chloride are somewhat, even if 
ever so slightly, soluble. Therefore enough AgCl remains in 
ionized form to saturate the supernatant liquid. In this instance 
the amount required to saturate the solution is small, for only about 
0.000011 gram molecule of the dissociated compound is soluble in a 
liter of water at ordinary temperatures. Thus it is apparent *^hy, 
for practical purposes, precipitation is considered complete. 

Another example of formation of a precipitate involves the 
mixing of solutions of silver sulfate (Ag 2 S 04 ) and barium chloride 
(BaCh). The equilibriums reached in this mixture are shown in the 
following equations: 

Ag 2 S 04 2Ag+ + SO 4 — 

BaCU 2Cl- + Ba++ 

11 11 

2AgCU BaS04i 
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Botfi the silver chloride (AgCl) and barium sulfate (BaS 04 ) are 
sparingly soluble, hence both precipitate. As the precipitation 
proceeds, the solution is drained practically free of the required ions. 
We can see that if solutions containing molecular equivalents of 
silver sulfate and barium chloride arc mixed it is possible to produce 
a filtrate of almost pure water. Pharmaceutical use can at times be 
made of this principle. 

An understanding of the theoretical aspects of precipitation is 
facilitated by a discussion of soluhilHy product. By definition, 
solubility product is the product of the concentration of the ions of a 
salt in a saturated solution. Formulated on a mathematical basis, 
the solubility of a salt, A„p. is equal io B X A, where B and A are, 
respectively, the concentrations in gram ions of the cation and anion. 

How solubility-product values may be applied in precipitations 
can be shown by using a saturated solution of barium sulfate as an 
example. At ordinary temperatures such a solution contains about 
2.3 mg. of barium sulfate per liter, which is equivalent to about 
0.00001 gram molecule per liter. In this dilution the salt is com¬ 
pletely ionized; so each ion will be present in a concentration of 
0.00001 gram ion per liter. Applying our definition for solubility 
product to barium sulfate, we can now say that the value for that 
compound is equal to (Ba) X (SO 4 ), or 

= 0.00001 X 0.00001 = 1 X 10"^^ 

Whenever the product of the concentrations of the ions of barium 
sulfate exceeds the value of precipitation takes place and 
continues until the value is restored. Values of this kind exist for 
saturated solutions of all other compounds having some degree of 
insolubility. Increase the concentration of any of the ions of these 
saturated solutions and precipitation takes place until the appropri¬ 
ate value is restored. From this it can be generalized that whenever 
a pharmacist produces a precipitate it was done by exceeding the 
solubility product for the particular compound that is separated. 

Crystallization. Crystallization is any process that causes the 
ions, atoms, or molecules of a crystallizable substance to build 
themselves into definite solid geometric forms called crystals. 

The commonest methods for bringing about this orderly building 



PRECIPITATION 


463 


are as follows: (1) Cooling a liquid until it forms crystals of itself and 
so becomes solid. The freezing of water is the outstanding exairf^le 
of this method. (2) Cooling a concentrated solution of a crystalliz- 
able substance. As the temperature lowers, the solution becomes 
supersaturated and crystals of the solute begin to form. (3) 
Iwaporation of the solvent from the solution of a crystallizable 
substance. (4) Driving off dissolved gases. This really is not a 
common procedure, for there are relatively few instances in which a 
solid is held in solution by a gas that, if driven off, would liberate the 
solid. Nature furnishes two illustrations among the natural 
mineral waters. Insoluble ferrous carbonate and calcium carbonate 
are both dissolved in underground water by the action of carbon 
dioxide gas, which changes them to soluble bicarbonates; escape of 
the gas as the waters emerge from the ground permits the precipita¬ 
tion of the normal carbonates. (5) Chemical action between two or 
more substances to produce a new insoluble substance. The reac¬ 
tion between calcium chloride and sodium carbonate solutions to 
form calcium carbonate is typical. (6) Electrolytic deposition, 
more commonly known as electroplating. Extremely fine crystals 
are usually formed in this process. (7) Changing the character of 
the solvent. Typical is the addition of alcohol to an aqueous 
solution of sugar or ferrous sulfate. Neither substance is highly 
soluble in varying concentrations of alcohol; so when the original 
solvent is sufficiently diluted with that fluid, both begin to pre¬ 
cipitate. (8) Sublimation, which has been called crystallization from 
the vapor phase. Mercuric chloride and other compounds can be 
manufactured in this way. Iodine is purified by sublimation and 
for that reason is often labeled resublimed iodine. 

The Forms of Crystals. The crystals of any given substance 
always form in accordance with a definite geometric pattern that, 
for the substance, is characteristic. Although there are literally 
thousands of crystallizable substances, their crystal forms can be 
resolved into only six fundamental geometric designs, called crystal 
systems. This is possible because every crystal is bounded by plane 
surfaces called faces, which make characteristic angles at their points 
of intersection. Imaginary lines drawn through the center of the 
crystal and connecting the centers of opposite faces or the tips of 
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opposite angles are the axes of the crystal. By making use of these 
charracteristics, crystallographers have developed the six basic 
_ systems, which are now briefly described. 

1- Cubic, regular, or isometric system (Fig. 
y / 103). These crystals have three axes of 

equal length intersecting each other at right 
angles. Sodium bromide is a member of the 
\\ / cubic system. » 

^ y 2. Tetragonal system (Fig. 104). These 

^ ^ crystals have three axes; two of these are 

Fig. 103 . Cubic sys- equal ill length and intersect each other at 
right angles, and the third intersects the 
plane of the other two at right angles but is either longer or shorter 
than they. Urea belongs to this system. 

3. Orthorhombic system (Fig. 105). These crystals have three 
unequal axes intersecting each other at right angles. Iodine is an 
example. 


Cubic sys- 



Fig. 104. Tetragonal system. Fig. 105. Orthorhombic sys¬ 

tem. 


4. Hexagonal system (Fig. 106). These crystals have four 
axes, three of which are equal, lie in the same plane, and intersect 
each other at 60-deg. angles. The fourth lies at right angles to these 
three. Calcium carbonate is a member of this system. 
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5. Monoclinic system (Fig. 107). These crystals have three 
unequal axes, two of which are oblique and the third perpendicular 
to the oblique axes. Tartaric acid is an example. 



Fk;. 106. Hexagonal sys¬ 
tem. 



Fin. 107. Monoclinic sys- 
U*in. 


6. Triclinic system (Fig. 108). These crystals have three 
unequal axes all obliquely inclined to one another. Boric acid 
is an example. 

Water in Crystals. Many compounds 
combine with water to form new compounds 
that are crystallizable. Crystals so formed 
are called hydrates, and the compound with 
which the water has combined is said to be 
hydrated. The water, held in true chemical 
combination, is called water of hydration or 
water of crystallization. Before combining 
with the water the compound is said to be Fig. 108. Triclinic sys- 
anhydrous. 

A number of the official medicines are hydrates. Cupric Sulfate 
is an example. It combines with five molecules of water to produce 
a compound the composition of which is expressed by the formula 
CuS 04 - 5 H 20 . The [•] btitween the two simple formulas indicates 
that the molecules are loosely combined. 
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Confusion should be avoided between the term interstitial water, 
which is water held mechanically in the crevices, or interstices, of the 
crystals, and water of crystallization, which is held chemically. 
When crystals holding interstitial water are heated, the moisture in 
the crevices expands with sufficient rapidity to cause miniature 
explosions. This phenomenon is called decrepitation. Sodium 
chloride shows this property. 

Some hydrates at ordinary temperatures wilt spontaneously give 
up to the atmosphere the water they contain. Crystals doing this 
are said to effloresce or to be efflorescent, and the process is called 
efflorescence. In perfectly dry air all hydrates w ill efiloresce, because 
the air has no aqueous vapor pressure to otlset even a small vapor 
tension of the hydrate. This is usually accompanied by loss of 
crystal structure to form opaque powders. This property is shown 
by official Magnesium Sulfate. 

The opposite of efflorescence is deliquescence. Some substances 
spontaneously absorb water when they are exposed to an atmosphere 
that is not perfectly dry and become hydrated. This phenomenon 
is called deliquescence. If the vapor tension of the atmosphere is 
sufficiently high, the absorption of water will continue until the 
compKJund has gone completely into solution. Substances with¬ 
drawing water from the atmosphere in this fashion are said to be 
deliquescent (or hygroscopic), and while they are undergoing the 
transformation they are said to deliquesce. (See Chap. 10 also.) 

Recrystallization. One of the most widely used mt'thods for 
purifying solids is recrystallization from a suitable solvent, usually^ 
water. Many drugs are changed in this way from highly con¬ 
taminated substances into chemicals of pharmacopoeial quality. 
If magnesium sulfate, for example, containing a small amount of 
some other soluble material as an impurity is dissolved in enough 
hot water to make a saturated solution and is then allowed to cool, 
it will usually precipitate with a much smaller amount of impurity. 
It is obvious that if the process is repeated several times the sulfate 
will soon be relatively free of the contaminant. 

Granulation. Granulation is the process of producing coarsely 
grained particles, usually irregular in shape. It has also been 
defined as interrupted cryslallizaiion, carried on in such fashion 
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that sabulous or coarse-grained powders are produced. The latter 
definition is the narrower in conception, since it obviously must be 
restricted to certain precipitation methods. 

In pharmacy, granulation may be carried on by physical as well as 
by chemical means. Whatever the means, the irregular particles 



Kici* 109 Granulator for tablet granulations Granulators of this typ» are 
used in large-scale tablet manufacturing (Courtesy of F. J Stokes Machine 
Company ) 

produced have certain pharmaceutical advantages. Tablet manu¬ 
facturers could not function without metliods of granulation. \ 
few chemicals can be compressed into satisfactory tablets without 
any preliminary treatment except the incorporation of a lubricating 
sutetance, which enables them to pass through the tablet machine 
better. On the other hand, the majority of chemicals must be 
granulated bi^fore they can be compressed properly into tablets. 
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Here the process of granulation consists in moistening the substance 
with water, diluted alcohol, syrup, or some other suitable excipient 
first, in order to make a mass. The mass is broken into smaller 
pieces and dried in some sort of oven. The dried lumps are then 



Fig 110. Mixer designed to facilitate the preparation of tablet granula¬ 
tions, etc., in large commercial operations {Courtesy of F J Stokes Machine 
Company) 


either sifted to uniform size directly or ground and sifted. Granu¬ 
lation in the making of effervescent salts is carried on in essentially 
the same way. 

Granulated Opium of the Pharmacopoeia is made by a special 
milling and sifting process designed to give a coarse rather than 
a fine powder. The larger particles are more suitable for use 
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in the preparation of the various liquid extracts of opium. The 
coarse powder lends itself better to extraction. 

Chemicals in granular form are sometimes more soluble than 
when precipitated with a more nearly perfect crystalline form. 

STUDY 01 KSTIONS 

1. Detine precipitation. 

2. Discuss the imj)ortancc of precipitalioii to pharmacy. 

3. Illustrate by ionic ecjuations how precipitation reactions take plact*. 

4. What is solubility product? 

5. List five ways of inducing crystallization. 

6. Why is the name corrosive sublimate a logical one for mercuric 
chloride? 

7. What is a crystal axis? 

8. Give two points of difference between the cubic and tetragonal 
crystal systems. 

9. How does efflorescence differ from deli(juescence? 

10. What is interstitial water? 
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Chapter 17 

MECHANICAL SUBDIVISION OF DRUGS 

Solid drugs in their crude or unprocessed forms assume a wide 
variety of physical shapes. Fre(pientl> neither the shapes nor 
the sizes of the original pieces are suitable for tlie manufacture of, 
or for use in, medicinal preparations. It therefore becomes neces¬ 
sary to alter the physical condition of the drug. Often the process 
of alteration is one of subdivision; the original piec es or particles are 
simply made smaller. 

At first glance the problem of subdividing drugs appears to be 
relatively free from complications. It would seem a simple matter 
to reduce a large piece of material to a number of smaller pieces; 
however, the various types of substance to be broken up introduce a 
variety of difficulties. These are the result of nature's vagaries in 
making some solids hard, others brittle, still others gummy, some 
slippery, some deliquescent, and so on. Each of these physical 
characteristics must be taken into account when plans for sub¬ 
dividing are being made. It is easier to understand more fully why 
the physical and sometimes the chemical properties of drugs are so 
important in the problem of subdivision if we know more concerning 
the manner in which they interfere with the process. 

Illustrations abound; they are almost as numerous as the sub¬ 
stances to be broken up. A few examples will be sufficient to 
clarify the situation and furnish the tools for working out an 
understanding of the entire field of subdivision. Certain vegetable 
drugs in their crude form contain a high percentage of gummy 
material, which makes their fragmentation by grinding a difficult 
task. Others are fatty in nature and present the same type of 
problem in grinding. Preliminary removal of the interfering 
substances is frequently carried out before the major dividing 
process is begun. Animal drugs, because of the peculiar nature of 
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the organic material composing them, often require such individual 
treatment as freezing, desiccation, or both, before being finally 
subdivided. Generally speaking, the least troublesome of all drugs 
are those of mineral or synthetic origin. The major difficulties here 
are those of hardness or susceptibility to chemical change due to 
increased surface exposed after subdivision to the action of air, 
moisture, light, and heat. Occasionally a drug like boric acid, which 
is unctuous or very slippery, causes trouble because of that property, 
but such instances an* exceptional. 

From the examples given illustrating the importance of the prop- 
(Tties of drugs in relation to the problem of their subdivision, it can 
lx‘ appreciated that more than one method of subdividing must be 
available. \ ariety in the methods used makes mandatory a variety 
in equipment. The student of the problem, therefore, must not 
only know the properties of the drugs being broken up but also the 
best method and best machinery for the purpose. 

Ordinarily the retail pharmacist need not concern himself with 
the more complex phases of drug subdivision. For him the spatula, 
mortar and pestle, and muller usuall> suffice. It is the manufactur¬ 
ing pharmacist who must be familiar with all the intricacies of tech¬ 
nique and types of machine designed for this task. Several of the 
machines used in manufacturing that involve basic de-sigiLS and 
principles will now be described. 

Ball Mills. These mills are cylinders so supported that they can 
revolve horizontally on their long axis. Into the cylinder is fed the 
substance to be subdivided, together with rounded flints, pebbles, 
and Porox or steel balls, which act as the grinding agents. The 
cylinder is set in motion. As the mill revolves, the pebbles or nails 
are carried upward along its surface. When a certain point is 
reached, the grinding medium tumbles down the inclined plane, 
breaking up the drug as it goes. 

The efficiency of this method depends on the number of balls or 
pebbles tumbling within the mill and the extent of inside surface of 
the cylinder itself. It is possible to obtain more grinding surface in 
a properly balanced ball mill than in any other type of grinder. It 
is therefore correct to say that this machine uses one of the most 
efficient grinding principles known. 
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Another advantage claimed for the ball type of mill is that it 
occupies less space per unit of output than other forms of grinder. 
It also requires less power to operate and a minimum of attention or 
labor to maintain. The latter advantage is due to the fact that no 
adjustment, or dressing, of grinding surfaces is required. 

Construction. The basic construction of a ball mill hinges on the 
principle of a revolving cylinder and to that extent is similar to all 
machines of this kind. For heavy duty and large outputs the mills 
are usually made of substantial high-carbon or chrome manganese 
steel. Bronze, stainless steel, and other metals are used for special 



purposes. For smaller laboratoiy use the cylinders can be either 
steel or Porox jais. The smaller machines can be built to hold more 
than one jar. These little mills are frequently called jar mills 
because the cylinder units so closely resemble large jars or crocks. 
Cylinders can be lined with a variety of nonferrous materials if it is 
desired. Some of the lining materials used are porcelain, buhrstone 
(silex), rubber, and wood. 

Special construction is also possible to provide for either high or 
reduced pressures while the mill is in operation. Provision can be 
made for such features as drying, aerating, distillation, recovery of 
solvent, gas absorption, and chemical reaction during the grinding 
operation. The mills can also be jacketed to permit circulation of 
steam, hot oil, cold water, or brine for controlling the temperature 
of the ox)eration. One manufacturer makes a mill with a patented 
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thermal control of this type that will produce temperatures as high 
as 500°F. Temperature control is frequently important in grinding 
operations. Some substances tend to solidify when cold. Heating 
prevents this congelation or an increase in consistency. On the 



Fig. 112. Heavy-duty pebble mill. {Courtesy of Patterson Foundry ^ Machine 
Company.) 


other hand, in grinding substances that are injured by lieat it is 
advantageous to keep them very cold during the process. 

Provision can also be made for continuous grinding. In mills 
designed for this purpose, the material to be subdivided is fed con¬ 
tinuously through a hollow trunnion at the feed end of the mill and 
is discharged continuously through the trunnion at the opposite end. 
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Pebble mills are basically ball mills but may differ from them in 
construction. The name is probably the result of the widespread 
use of stones as the grinding medium. 

Pot mills are a variety of ball mill, the hopper being shaped like a 
pot rather than a jar and rotating on an axis set at an angle of about 
45 deg. 



Fig 113 Tube mill {Courtesy of Abbe Engineering Company ) 


Slone mills are also modified ball mills. They are designed to 
handle ointments, tooth pastes, massage creams, and other pastes 
requiring vei y fine grinding. 

Tube mills, basically, are ball mills in which the cylinder has an 
exaggerated length in comparison with its diameter. Ball mills, 
generally speaking, are those whose lengths are approximately equal 
tyO their diameters. A considerable increase in length without 
appreciable change in diameter converts it into a tube mill. 

Crushers. Crushing machines such as the saw-tooih crusher take 
advantage of the shearing power developed by intermeshed star- 
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Saw-tof)th cniaher. (Courtesy of Abbe Engineering Company.) 
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pointed saws when they are made to revolve toward each other. In 
general, they consist of a hopper inside of which is placed the crush¬ 
ing mechanism. This consists of two steel shafts which revolve 
toward each other and on which are mounted a number of heavy 
steel star-pointed saws so spaced as to intermesh. The width of 
the spacing and the fineness of the teeth in the saws regulate the 
maximum size of the crushed product. 

Machines of this design are recommended for reducing many 
kinds of bulky materials to proper uniform size so that they will feed 
readily into grinding or pulverizing machines. 

SpiraUroll crushers are hopper-type machines that use two hard¬ 
ened spiral rolls as the crushing medium. 

ConeAype crushers make use of interlocked cones, both of which 
are geared so that with proper meshing an effective grinding surface 
is provided. 

Steel Knife Cutters. These machines, designed for cutting 
such substances as roots and barks, consist of the usual hopper in 
which is fitted a cutting device. The device is usually a solid steel 
rotor carrying about five firmly attached revolving blades or knives. 
Surrounding the rotor is a cage to which stationary knives are 
attached. Fitted with screens having mesh of tlie proper perfora¬ 
tions, the machine can be set to produce coarse, medium, or fine 
grades of material. 

Attrition Mills. Mills of this type are much recommended for 
vegetable substances. The machine operates by means of two 
grinding disks, or plates, which are interchangeable in order to give 
the mill flexibility in operation. They are constructed on the same 
principle that is incorporated in dressing an old-fashioned burr, i.e., 
they have a bosom in the body of the plates, causing them to make 
a gradual reduction from the time the stock enters the machine 
until it is finished. The materials can thus be ground to a fine and 
uniform particle size without too much packing. This makes for a 
light, bulky product. Particle size can be varied through a reason¬ 
able range from fine to coarse. 

Disintegrators. Machines of this kind are designed for the 
subdivision of dry nonfibrous materials by beating. The beating 
device is somewhat more complex than is found ordinarily in sub- 
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dividing nmchincs. It consists of hardened-steel beaters securely 
riveted onto the face of a steel disk. As the disk revolves, the 
beaters pass between corrugated rings, catch the material to be 
broken up as it enters the mill, and beat it against the corrugations 
until it is fine enough to pass between the rings and the disk to the 
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Fig. 116. Ointment mill, (Courtesy of The J. If Day Company ) 

discharge side of tlie mill. Here a set of backbeaters, riveted onto 
the reverse side of the disk, beat the material against a screen until 
it is fine enough to pass through. The screens, of hardened square- 
cut steel, extend three-fourths around the diameter of the disk. 
This furnishes a large grinding and discharge surface. 

Ointment Mills. There are various types of mill built for 
grinding unctuous materials. The stone mill already described is 
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one of these. Many of the machines make use of the principle of 
two grinding plates. Others cause the material to be ground to pass 
between hollow chilled rolls. 

Colloid Mills. As the name implies, colloid mills are designed 
principally for the purpose of dispersion of one immiscibh^ substance 



Fig. 117. Colloid mill, interior view. See Fig 118 for a diagrammatic study 
of the side view. (Courtesy of Chemtcolhid IxihoraloneSy Inc ) 

throughout another. They are largely used, therefore, for phar¬ 
maceutical emulsions and colloidal dispersions such as the various 
oil emulsions and milks, or magmas. The machines produce a fine 
blending of materials and the ultimate reduction in the size of par¬ 
ticles. Liquids must always be a part of the ingredients used. 

The working principle of the mills is based on the hydraulic shear¬ 
ing power that can be produced in a very thin film of liquid. This 
shearing effect is obtained by drawing the liquid into the narrow 
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space between a rotor revolving at high speed and its jacketlike 
stator. Tremendous shearing forces are set up within the film under 
the influence of the high speed of the rotor on the inside and the 
stationary stator on the outside. Both solid and liquid particles 
present in the film aie broken up into microscopic dimensions. Use 



Fig. 120 Triple-action colloid mill Fig 121 Paste-type colloid mill 
(Courtesy of C 0 Bartlett 4 (Courtesy of Premier Mill Corpora-- 

Company ) /ion ) 


of this basic principle makes it possible to mill immiscible liquids, 
liquids containing solids in suspension, and pastes to the pi^int at 
which they are so finely dispersed and homogenized that remarkable 
smoothness can be imparted to the finished products. 

The newer machines of this type run at very high speeds. Some 
of the smaller belt-driven units will run as high as 17,000 revolutions 
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per minute (r.p.m.). As speeds have been increased, designs have 
been simplified to the point at which the mills usually have only one 
moving part (the rotor) and one adjustment, a micrometer arrange¬ 
ment regulaling the gap between the rotor and stator. Mills so 
designed >\hirl the material in such a fashion as to subject it to a 
high-velocity impact that breaks it up into minute particles or glob- 


n 



Fig. 122. (Colloid mill or lalH)iator> homogeni/er. ii'sourtesy of Maiiton-ijauUn 
Marmfaciiiriny (".onifxiny .) 

ules. It is then mechanically sheared by the teeth in both the rotor 
and the stator. Then it is hydraulically sheared by the smooth 
surfaces of rotor and stator. Some of the mills have water jackets 
for thermal control that enable the operators to handle substances 
sensitive to or affected by heat without deterioration. 

Homogenizers. Th(*se are machines for emulsifying and dis¬ 
persion, just as are colloid mills. Their dispersing action is pro- 
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duced by high pressure, in contrast to the colloid mill, which accom¬ 
plishes its purpose through the contact of the material to be dispersed 
with parts moving at high speeds and at clearances measuring 0.001 
to 0.0125 in. The principle of action is that of the simple plunger- 
type pump, which forces the product being emulsified or dispersed 
betw^een a valve seat and valve. The high pressure built up ahead 
of the plunger furnishes high velocity and hydraulic shear sufficient 
to produce dispersion particles having diameters of l/x or less. 

Hand-operated homogenizers of small capacity are used in some 
pharmacies as emulsifiers. They are quite efTective (see Chap. 14). 

The machines and processes just described are for the most part 
used in manufacturing plants. Other large-scale mills such as edge- 
runner mills are used also. Subdividing problems that must be 
handled in the pharmacy usually can be solved by one of the follow¬ 
ing procedures, which require very little and relatively inexpensive 
equipment. Three of the methods, contusion, precipitation, and 
elutriation, although useful, are not common techniques for retail 



pharmacists; in fact, precipitation, strictly 
speaking, is not a mechanical procedure for 
subdividing drugs. Tlie others are used in 
the daily routine of most stores. 



Fio. 123. Iron mortar Fn;. 124. Cross si‘c- 

of the type suitable for lion of an iron 

contusion. mortar ^nd pestle. 


Contusion. Contusion (from the Latin, to break or to beat) is 
the process of subdividing a drug by pounding or bruising it. This 
is usually done in a heavy, deep metal mortar by means of a stout, 
heavy pestle. Fortunately for the retail pharmacist most of the 
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drugs requiring such treatment before use can be purchased already 
processed from manufacturers. Most pharmacies, therefore, are 
not equipped with mortars of suitable construction. 

Where the operation of contusion is to be carried out, the mortar 
should be placed on a heavy block of wood or embedded in sand to 
absorb the shock of the impact of the pestle and to prevent unnec es- 
sary noise in the laboratory. 




Trituration. One of the important techniques in pharmacy is 
trituration (Latin iriliira, a rubbing), which is the process of reducing 
substances to a fine powder by grinding them in a mortar with a 
pestle. Substances already in a fine state of sub¬ 
division can be combined in a uniform mixture by 
means of trituration. Thus the term has more 
than one connotation, but the equipment required 
is always the same. 

The mortars in which the grinding is to be done 
are heavy concave dishes of the general shapes ^ 

shown in Figs. 125 to 128. They are constructed ^ 
of Wedgwood, porcelain, or glass. Occasionally a 
small iron or brass mortar will be found in use, and for very delicate 
quantitative operations tiny mortars of agate are necessary, lor 
general use, however, porcelain and Wedgwood are adequate. 
Mortars are stained by certain medicinal chemicals such as iodine, 
which are absorbed into their microscopic pores. Glass mortars 
are best for such chemicals. 
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The degree of curvature of the interior of the mortar is not so 
important as the choice of pestle to be used. The pestle, of the same 



Fi(j. 127. Glass moitars Such mortals aie of paiticular service when a 
nonpermeable grinding surface is desired 



material as the mortar, is like a short baseball bat with a swollen tip. 
(See Fig. 127.) Its point of contact with the floor of the mortar 
represents the available active grinding surface in 
the process of trituration. The curvature of the 
tip of the pestle and mortar surface should therefore 
be similar. 

The act of trituration is carried on by moving 
the pestle with a circular motion, exerting pressure 
all the while on the powder being processed. The 
circle can start from the center of the mortar and 
gradually be enlarged by working toward the mortar 
walls, or it can start at the outer edge and be gradu¬ 
ally lessened in diameter as shown in Fig. 129. 
Regardless of the direction of motion chosen for the trituration, a 
certain amount of the powder will cling to the sides of the mortar or 


Fi<i. 128 Ag¬ 
ate mortar for 
triturating very 
small quantities 
of material, par¬ 
ticularly sam¬ 
ples for quanti¬ 
tative analysis. 



Fig. 129. Direction of pestle movements in the act of trituration. 

the head of the pestle. It is thus eliminated from the grinding and 
should be dislodged. This is accomplished by the use of a spatula. 
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Spatulas are usually short, flexible steel blades to which are 
affixed wooden handles. The blade, commonly 4 to 6 in. in length 
and M ill- >' ide, can be pushed around the interior of the mortar so 
that it conforms to the curved surface and slices or scrapes off the 
adhering powder, which falls toward the center, where it can be 
once again crushed under the pestle. For special purposes spatulas 
are made of porcelain, horn, rubber, etc. Iodine attacks iron, which 
makes it necessary to use a rubber or other nonreacting spatula 
whenever it is present in a triturating process. Stainless-steel 
spatulas are much less susceptible to chemical reactions and so can 
be more widely used than the common steel spatula. 

Precipitation. Substances are sometimes subdivided by pre¬ 
cipitation. The material of unsatisfactory size or form is put into 
solution and then precipitated under controlled conditions to the 
particle size desired. 

Elutriation, or Water Sifting. This is really a process of 
segregation. It is discussed in Chap. 18, page 550. 

Levigation. Some materials that are already powdered are 
conveniently subdivided further by rubbing them on a slab or 
in a shallow^ mortar in the presence of a liquid that has no solvent 
effect on them but merely moistens them. This is also known as 
porphyrization, or as mulling if conducted on a slab with a muller. 
The muller should be moved over the surface of the slab in either 
figures of eight or circles. The word porphyrizalion refers to the 
porphyry (purple stone slab) originafly used in the process. (See 
also Chap. 18, page 550.) 

Pulverization by Intervention. Certain drugs such as 
camphor and boric acid are difficult to powder when triturated alc>ne. 
Both powder easily if they are put in partial solution with a little 
alcohol. Use of an intermediary substance in this fashion to 
facilitate subdivision ^s called pulrerizalion by intervention. The 
basic requirement is that it shall be easily removable after its period 
of usefulness is over. 


STUDY QUESTIONS 

1. Explain why the subdividing of a drug is not always a simple matter. 

2. What is the principle upon which ball machines operate? 
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3. Name some of the conditions that may be controlled during grinding 
operations with a ball machine. 

4* How does a tube mill differ from a pebble mill? 

5. What is a rotor? 

6, Explain the difference in operating principle between ointment and 
colloid mills. 

7 How large in inches is a micron? 

8. What is another name for elutriation? 

9. How are the triturations of the Pharinaco[)oeia made? 
lO, Describe the process of levigation. 

COLLATERAL RKADIN(;S 
Catalogues and bulletins of nianiifaetnrers. 

Work. Luvcoln T. “Crushing and Grinding,” Iml. Eng. i'Jiem. 40, 0-10 
(1948). 



Chapter 18 


SEPARATION OF SUBSTANCES BY 
MECHANICAL MEANS 

SOLIDS FROM LIQUIDS, LIQUIDS FROM SOLIDS 

This chapter deals with the separation of substances, usually 
without involving chemical reactions. Although substances may 
be separated from each other by chemical means, as is the case in 
precipitation, in most instances it is necessary to resort to mechan¬ 
ical means to accomplish this process. 

Expression 

Expression (Latin ex, out, + preniere, to press), sometimes called 
forcible straining, is a process involving the removal by force of a 
liquid from a solid; it is the application of strong pressure to a mix¬ 
ture or a solid substance for the purpose of separating the liquid 
from the solid bodies. It permits the separation of a solid or a 
moist body from a li(juid, e,g„ the liquid contained in the inner 
spaces of cellular matter. In general the amount of liquid to be 
removed is small compared with the amount of solid obtained. 

In the laboratory the process is often resorted to in the removal of 
saps from fresh plants and juices from fruits for the preparation of 
syrups and other vehicles. It is used also to recover menstruums 
(solvents) from moist, exhausted powders (marcs) as in the prep ra¬ 
tion of tinctures, fluidextracts, extracts, etc. 

liistoricMiL Passihly the term expression was first used in the thirteenth 
eentury by l^nfrance, an Italian surgeon, in his “Chirurgia inagna et parva,”^ 
a treatise on surgery. In 1660 Roliert Boyle, the celebrated Irish chemist, 
used the word with its present meaning.*'* The most primiti\e method of 

1 Joseph Thomas. “Universal Pronouncing Dictionary of Biography and 
Mythology,” J. B. Lippincott Company, Philadelphia, 5th ed., 1930. p. 1104. 

* Ibid., p. 451. 

’James A. H. Murray. “A New English Dictionary,” Oxford ITniversity 
Press, New York, 1908, Vol. 3, Part 2, p. 446. 
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expression was apparently the placing of seeds to be crushed in a mortar and 
mashing them until the oil was forced out. An advance in the process was 
made when fruit was first packed in sacks and covered with flat wooden surfaces 
on top of which stones were placed in order to expel the oil. Another early 
method was the grinding of seeds between stones, as is still done in India.* In 
the Orient, from the earliest times, many ingenious contrivances employing the 
principle of the lever and the wedge have been used for expressing oil from 
seeds and fruits, these oils for (*enturies having served as articles of fo4>d. Such 
implements have been gradually improved until we have today highly eflicient 
hydraulic and screw presses; however, in the more backward countries, some 
of the oldest and most primitive methods are still in use for the drawing out of 
such oils as olive and palm. 

The Chinese employed the same optjrations as are carried out in our most 
modern mills of grinding the s€H'ds to a meal, using edge-runner mills, and 
expressing the oil in a wedge press. The Japanese list'd a sivt'cial wiKiden press 
called ta isugi. In Manchuria, after 1,700 years, these processt»s are still l>eing 
carried out in a primitive form in the production of soybean oil.* In West 
Africa, simple hand presses are Inking used as they wert' generations ago.* It 
was a woman who first derived oil by fiat'king olives in a sack and weighting it 
with stones; she may lie considered as the forerunner of the inventors of the 
present power presses.* Oils obtained by exfiression were often referred to in 
the Bible, the Ebers Papyrus, and other historical documents.** The Apot'a- 
lypse of Moses contains a legend assiTting that Adam, in the garden of Eden, 
knew of olive oil, probably as the first product of expression.*' Babylonian 
medical texts reveal the earliest known methods iiscai in preparing medicines, 
of which one was expression: “Jui<*es expressed from herbs were often directed 
to be used” in conjunction with wine as a Imse for certain medicaments of that 
time.® The oldest records of the Egyptians and the Hebrews reveal that they 
used this method to extract the juice of grajK's for wine.^ Wine presH<*s are 

* Julius Isador Ijewkowitsch. “Chemical Technology and Analysis of Oils, 
Fats, and Waxes,” Macmillan Company, Ltd., London, 6th ed., 1929, Vol. 2, 
pp. 2, 3. 

* “The Encyclopedia Britannica,” 14th ed., 1929, Vol. 16, p. 719. 

’Charles Ainsworth Mitchell. “Oils,” Sir Isaac Pitman & Sons, Ltd., 

London, 1910, p. 4. 

® C. J. S. Thompson. “The Mystery and Art of the Apothecary,” J. B. 
Uppincott Company, Philadelphia, 1930, p. 15. 

’A. C. Wootton. “Chronicles of Pharmacy,” Macmillan & Company, 
Ltd., London, 1910, Vol. 1, p. 58. 

® Thompson. Op, ciL, p. 1. 

’James Mew and John Ashton. “Drinks of the World,” Scribner and 
Welford, New York, 1892, p. 12. 
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frequently inentioned in the Bible. Castor oil, expressed from the seeds, was 
familiar to the Egyptians, as it was mentioned in the Ebers Papyrus.^ 

Pliny, the famous Roman historian who lived immediately after the time 
of Christ, gives a detailed description of the screw presses used by the Romans 
in the production of olive oil.* The wine press, invented by the Assyrians, was 
used as much for making olive oil as for making wine and found its way from 
the south to the north of France, where it was commonly used for expressing 
poppy, hemp, and rape w^eds.* Marco Polo, the celebrated Venetian traveler, 
mentions the manufacture of sesame oil by the expression of the seeds in 
Abyssinia and Ceylon and on the Malabar coast. 

One of the most important contributions to the development of expression 
was the invention of the Dutch stamper press in the seventeenth century, 
which was used almost exclusi\ely in Europe for pressing oily seeds until the 
early nineteenth century. The hydraulic press was invented in 1795 by 
Joseph Harniak and was j>erfected by (ieorge Armstrong in 1812.^ The princi¬ 
ple of this press was known for <‘en!uries, but its development is comparatively 
recent. The first hydraulic presses were little more than Dutch stamper 
presses in which hydraulic [)ower was substituted for the wedge and falling 
weights.*’ 

In this country the first oil mill using expression was erected in South Caro¬ 
lina in 1826. In 1870 peanuts were e\presst»d to obtain the oil, which was 
mixed with cottonseed oil and sold for live oil.® While it is apparent that the 
priK^ess is now of only minor interest to pharmacy, it was historically important 
as one of the first methods of extraction. 

Expression is accomplished by hand and by presses. When the 
former method is used, a strainer cloth, usually of durable material 
such as a superior grade of muslin, is supported on a holder (lenacu- 
him) or a funnel of suitable size. The material to be expressed is 
transferred to the cloth; any excess of liquid is allowed to drain off, 
the strainer is removed, and the cloth, with the included mass, is 
wrung until no more liciuid is expelled. 

^ Charles H. La Wall. “Four Tliousand Years of Pharmacy,” J. B. Lippin- 
cott Company, Philadelphia, 1927, pp. 428-429. 

* “The Encyclopaedia Brilannica,” 14th ed., 1929, Vol. 16, p. 749. 

* Lewkowitsch. Op. cii., p. 205. 

^ Ibid., pp. 6, 7, 10. . ,, 

^T. W. Chalmers. “The Production and Treatment of Vegetable Oils,’ 
D. Van Nostrand Company, Inc., New York, 1920, pp. 9-10, 56-82. 

* David Wesson. “History and Development of the Cottonseed Oil Indus¬ 
try in America,“ Trans. Am. Inst. Chem. hngrs. 12, 119 (1919). 
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In the laboratory the process may be carried out by mechanical 
means using presses. These in their simplest form are known as 
tincture or screw presses (Fig. 131). The material to be expressed is 



placed in a container made of calico, muslin, horsehair, fell, or wool 
and then placed in the press. Pressure should be applied gently and 
gradually. This is especially true if the mixture is quite fluid, for it 



will act as a liquid and is almost incompressible. Consequently if 
the pressure is applied too vigorously at the beginning, the bag is 
apt to rupture or the press is subjected to undue strain and the solid 
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and liquid will both be expelled. After the bulk of the liquid is 
forced out, pressure may be increased.* 

Hydraulic Presses. This form of press may be operated by 
hand, employing the principle of the lever or the screw, or by other 
means. Its action depends on tlie undiininished transmission of 
pressure through a licjuid such as water or oil. 



Hydraulic presses are expensive but highly efficient. The follow¬ 
ing principles are involved in their use: (1) Pressure exerted the 
surface of a liquid is transmitted equally in all directions and acts 
at right angles to all surfaces in contact with the liquid under pres¬ 
sure (Pascal’s law). (2) The only force that can exist between a 
liquid at rest and the walls of the container is at right angles to the 
walls. (3) The final force exerted by the press is directly propor¬ 
tional to the area of the cross sections of the pistons. 

> Other presses are described by A. Goris and A. liot, “Pharinacie gal^nique,” 
Masson et Cie, Paris, 1939, Vol. 1, p. 634. 



























492 PRINCIPLES AND PROCESSES OF PHARMACY 


Example: Suppose at a force of 100 lb. was applied, how much 
pressure would be exerted at C’? (See Fig. 133.) 

The force at B is calculated as follows: 

2:16:;100:x. 

2x = 1,600 
X = 800 lb. 

The force at C is calculated as follows: 


8:10::800:x. 

8x = 32.000 
X = 4,000 lb. 

If used, the bags containing the material to be pressed should be 
strong, durable, and easily cleaned. 'I’liey may Ix' made of heavy 


16 ft. 2f^ 



Fig. 13‘5. Diagrammatic skt^tcJi of a hydraulic press. 


canvas or horsehair. Modern presses arc made of various materials, 
such as iron, enamelware (queen’s ware or graniteware), wood, and 
porcelain. They may be heated by hot water or steam. The 
nature of the liquid being removed determines the type of press to b(‘ 
used; for example, wooden presses should be used for acid liquids. 

In using presses, moving parts should be well lubricated; pressure 
should be applied gradually and steadily to avoid injury to the bag 
holding the material or to the machine itself. Surplus liquid should 
be allowed to drain olF or should bt^ removed by being pressed lightly 
between the plates. For expression at high pressures the bags or 
sacks holding the mixture should be made of cloth that is durable 
but not too thick. 
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Lotion 

Lotion (Latin lotio from lamre, loiiim, to wash) is a process of 
purification by which soluble impurities are removed from insoluble 
matter—generally precipitates or magmas such as Magma of Mag¬ 
nesia II.S.P. XIII and Magma of Bismuth N.F. VIII—by the addi¬ 
tion of small or large amounts of a suitable washing liquid. Its 
main purpose is to obtain the insoluble magma. 

llirtlorical. As an Knf^lish word, lotion has rarely been used to designate 
a process in pharmacy. In ir)99 Gabehloiier used it in his “Book Physicke” 
to mean a wasliing of the l)ody. The first use of the word in English was in 
1519, wh«*n l^timer wrote in his “Sixth Sermon before Edward,” “Their doc¬ 
trines were unsavory, it as but of lotions of cediination . . . and such ” In a 
British ene>cloi)<*dia of 1797, lotion was described as a “washing as concerns 
U'autifying the skin.”’ 

Ixition may \)o of several types, simple, or disconiinuous, usually 
for small amounts of precipitates; and contimious washing, aceom- 
plislied by special assemblies or by decantation and in commercial 
work by the use of lilter presses. 

Lotion ma> bc' accomplished by the use of hot liquids. However, 
this is generally done by the discontinuous method. 

Various official products are obtained by lotion as one ot the 
processes involved, such as Precipitated Calcium Carinate, 
Washed Sulftir, Tribasic Calcium Phosphate, and Tnbasic Magne- 

“Tpri^^cto-lv 10 lo(ion is llio molnllurgical prooeso rf 

iixiiiio., (L»li„ i.r, O.I.™. ly) by »l.iol, ^ 

washed of their soluble impuiities b> water (sit 
Lixiviation was practiced b> the ancient Egyptians and Hebrew^ 
who were skilled in the art of metallurgy. In early America, wood 
ashes were washed of their salts by lixiviation to furnish lye m 

m^m^, sotip^. for simpl(>. or discontinuous, lotion in the labora- 

tw w«lung liquid o, Ihrough vvl.ich the l.U.r pas»« 
• Murray. Op. eit.. Vol. 6. Part I, l>. 156. 
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bearing certain impurities in solution. This process is continu<“d 



Fig. 131-. Sjirit/ wash hottlo 


until the wash liquids show no niori‘ 
of the soluble impurities. This point 
may be determined by suitable quali¬ 
tative tests as well as ph>sieal ones, 
such as absence of odor, color, and 
taste, reaction to litmus, etc. 

If small amounts of precipitates an* 
to be washed on a filter paper, the* 
latter should be underlaid willi a pieiM* 
of gauze to prevent tearing of the 
paper when it is taken from the funnel. 
The wash liquid is dispersed in a fine 
stream upon the solid from the capil¬ 
lary tub(^ of a Sprilz wash bottle, of 
which there are several modifications, 
such as those of Amthor (Fig. 135),’ 
EfTmger (Fig. 136),- and Herman 




Fig. 135. Automatic wash buttle 


(Fig. 137),* which are of the continuous-flowing type, and those 
designed by Serinis (Fig. 138),^ which are nonsplash types, 

‘ Frank Amthor. Chemist-Analyst 17 (No. 1), 18 (1928). 

* B. T. EfTinger. Chemist-Analyst 18 (No. 6), 21 (1929). 

* E. H. Herman. Chemist-Analyst 20 (No. 3), 21 (1931). 

^ N. S. Serinis. Chemist-Analyst 17 (No. 1), 15-16 (1928). 
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Lotion may bo accomplisliod most readily by the use of small 


(|uaiitilios of wash li<iuid well distributed 
from a wasli bottle. Allowance must be 
made for complete drainage before using 
fresh liquid. 

The precipitates, after washing, are 
freed from final traces of moisture by 
being pressed between weighted plates or 
in presses. In commercial work the 
centrifuge or a filter press is used. 

Continuous Lotion. There are sev¬ 
eral ways to accomplish continuous lotion, 
(1) by various types of continuous washing 
assembly, (2) by decantation, (3) by 
siphoning, (I) by pipetting, and (5) by 
dialysis. A number of forms of apparatus 
have been suggested by which large 
amounts of wash liquid may be added 
uninterruptedly until complete washing 
is ensured. Space does not permit a 



description of all these forms. Two that bottle. 
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have been found satisfactory are shown in the accompanying 
figures. 

Lotion by Decantation. Decantation (Latin de, from, -f can- 
thus, the h'p of a vessel) is a washing process involving the separation 
of a liquid from a subsided solid by carefully pouring olf the super¬ 
natant li«iuid or by some other means of separation. It is e8peciall> 
valuabh' when large amounts, of precipitates are to b(i washed 



repeatedly in order to remove impurities and also in washing gela¬ 
tinous or similar products, such as magmas, which are difli<!ult to 
filter but will settle out fairly rapidly. 

Hittorical. Lotion by decantation was used by the alchemists of Roman 
timw. The term was first used in English by the Irish chemist Robert Boyle 
in his Original Forms and Qualities” in the phrase “having carefully decanted 
the solution into a conveniently sized retort.” In 1641, in a French publica¬ 
tion on distillation, the process was descrilied as “the pouring off of any liquor 
which hath a settling by inclination.”' 

' Murray. Op. cil., Vol. 3, Part 1, pp. 8.5-86. 
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Decantation is applicable in tlie laboratory for washing small 
amounts of precipitates and when comparatively small amounts of 
the wash liquid are used at a time. The material to be washed is 
placed in a precipitation vessel, an ordinary beaker, or some other 
suitable vessel with perpendicular sides. The wash liquid is added, 
this action being accompanied by continuous stirring with a glass 
rod. Settling is allowed to occur. Then, wath as little agitation as 
possible, the supernatant liquor is poured off, a guiding rod (Fig. 
140) being used as an aid. This process is repeated until suitable 



Fig. 110. Simple decantation. 


lt‘sls show that all the impurities have been removed. The pre¬ 
cipitated material is then collected, depending on the amount, on a 
sriHKith filter, a straining cloth or bag, or in some other manner. 
The success and spiked of this operation depend (1) on the shape and 
size of the vessel from which the liquid is poured, (2) on the nature 
of the liquid being removed, and (3) on the amount of liquid being 
poured off, since the more complete the removal of the supernatant 
liquid the more efficient the washing. 

Moody^ has designed a convenient and simple rack (Fig. 141) to 
hold beakers, to allow for the settling of precipitates prior to decan¬ 
tation. If settling is not complete, the liquid should be passed 
through a filter in order to prevent loss of the precipitate, especially 
if it is desired to preserve the latter. It is advisable to pour from 
the side of the container opposite that bearing the label. If a guid- 

* A. H. Moody. ChemLsi-^Analysl 17 (No, 1), 19 (1928). 
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Fig. 141. for a decantation rack. 


ing rod is not used, a thin film of oil or oily substance such as tallow, 
lard, or rosin cerate may help prevent the stream from running down 
the side of the vessel. 

The siphon and its use are generally familiar in the laboratory and 
elsewhere. If properly accomplished, siphoning is a convenient 
method of transferring a liquid from one level to another with a 
minimum loss. In its simplest form the siphon is a U tube with 
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one arm longer Ilian tlie other. The tube is first filled and then 


immersed so that the short arm dips 
into the liquid to be removed. The 
siphon may also be started by applying 
suction at V (see Fig. 142). Distance 
BY is greater than the flow of the 
liquid is from A to Y, and the speed is 
(Hjuivalent to a force proportional to the 
difference between yl Y and BY. 

Siphons may also be of the automatic 
1 ype for transferring acids, alkalies, and 
other irritating liquids (see Fig. 143). 





Fir.. 142. Design of a sim¬ 
ple siphon. 


I^}iion by the Use o f Pipettes. This form of lotion may be resorted 


to if small (juantities of pn^cipitates are to be washed by small 
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amounts of wash liquids. It may be accomplished by pipettes 
similar to transfer pipettes or by means of medicine droppers. 

Theoretical Considerations of Lotion, Marsh^ proposes the following formula 
for calculation of lotion by decantation: Cn = (Vi/Vq)^Co, where Co is the 
initial concentration of impurity removed by dwantation, C„ is its concentration 



I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Number of dccomtoitions 

Fig. 144. Marsh’s graph for estimating volumes of wash liquid in lotion. 

after the nth washing, Vo equals the volume of the vessel in which the washings 
are carried out, and Vi is the volume of the settled precipitate. It can readily 
be seen that the greater the ratio of the volume of the supernatant liquid to the 
volume of the precipitate, the fewer the number of washings required. When 
the volume of the precipitate is one-tenth of the total volume Vo, 4 washings 
will accomplish as much as 6 washings when the volume of the precipitate is 
twice as large and as much as 10 washings when the precipitate is four times as 

^ G. Everett Marsh. Ind. Eng. Chem. 20, 1241 (1928). 
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large. The volume of the wash water is 4 X 0.9 * 3.6 volumes; in the second 
washing, the volume is 6 X 0.8 = 4.8 volumes; in the third washing, it is 
10 X 0.6 = 6 volumes. 

Examples: In a given vessel the precipitate occupies 0.4 of the volume of the 
vessel. The impurities are 25 Gm. per L. After 5, 8, and 10 washings, what 
are the respective amounts of irnpuritiesp After 5 \\ashings there will be 
0.01 of 25 (im., or 0.25 (Jm. p^er L. ; after 8 washings, 0.00065 of 25 Grn., or 
0.016 Gm. per L. ; after 10 washings, 0.0001 of 25 Gm., or 0.0025 Gm. per L. 

How much wash water \^ill be required to reduce the concentration of the 
impurities to 0.001 Gm. when the volume of the precipitate is 0.5 that of the 
vessel? Referring to Fig. Ill, it is obser\ed to be 5 volumes, i.e., 5Fo. 

Continuous Lotion by Dialysis. Insoluble solids are some¬ 
times of such a character as to be diflicull to rid of soluble impurities 
by the usual methods. In such cases dialysis (see Chap. 13, page 
415) may be used. 

In 1936 Moness, Lott, and Christiansen^ proposed washing miUc 
of magnesia (Magnesia Magma L.S.P. XIII) by means of large- 
scale dialysis. This particular preparation has the distinct disad¬ 
vantage when washed by the decantation method that the rate of 
settling is slow, even when the temperature is well above that of the 
room. 

Filtration 

Of the strictly mechanical processes, none is more important to 
the practice of pharmacy {\v<\\\ Jill rat ion and yet none is so generally 
inefficiently employed. A pharmacist should never dispense or 
sell a preparation that is a solution unless it is brilliantly clear in 
appearance. In most cases this property can readily be obtained 
by Jiltrafion under proper care and conditions. 

Filtration (Italian Jittrare, to filter or strain; from Latin fdtriim or 
feltriirn, felt) is the separation of solid particles from liquids with the 
simultaneous clarification of the latter by the use of the funnel and 
filter paper or other septa. More broadly filtration may be defined 
as the alteration of the composition of a stream with the aid of an 
apparatus (liquids, light, and radiation).^ When applied to liquids 

' E. Moness, W. A. Lott, and W. (I. Christiansen, J. Am. Pharm .\»soc. 
25, 524-529 (1936). 

* A. L. Von Scherpt'nburg. Tijdschr. Algem. Tech. Vor Beetworleesuikerfabr. 
Ftaffinnadeurs 32, 17-10 (1938); Chem. AbstracU 30, 7911 (1936). 
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and solids it involves a porous layer, the filter or filtering medium; 
the liquid passing through, the filtrate; and the insoluble matter, 
the precipitate (sediment), that is deposited at the surface of the 
septum. The process differs from eolation (straining) in that it 
brings about a more complete separation of the insoluble matter 
because the porous medium used is of much finer texture. 

Historical. Filtration is a very old process, and there is no clear evidemre 
as to when it first came into use. It was first described as a chemical prexjess 
by Gieber, the famous Arabian alchemist, who distinguished it as a means of 
distillation without heat and called it destillalio per Jillruni. This expression 
was invariably used in the Middle Ages to describe anethLsLs^ a straining-olf 
process, while the word filtratio was used for ordinary filtraton as we think of 
it today. Because of the confusion of terms it is possible that the first use of 
the term fillrcdion applied to anethisis. Plato makes reference to a purification 
process by which a liquid is transferred from one container to another by the 
capillary action of fibers such as wool.' 

Filtration Factors. The object of filtration may be either the 
collection of a precipitate, in which case the filtrate may be rejected, 
or the clarification of a liquid where the solid is valiKjless. Factors 
influencing filtration may be deduced from the theory of the passage 
of a liquid through capillary tubes. The rate of flow of a liquid 
through a capillary is given by Poiseuille’s law 

V = - p) 

8ln 

where V equals the rate of flow, R the radius of the capillary, I the 
length of the capillary, n the coefficient of viscosity of the liquid, P 
the pressure of the downward column of air, and p the pressure of 
the upward column of air. The value of P may be increased in 
small-scale operations in the conical filter funnel by increasing the 
surface exposed to the atmosphere or, as in the case of the filter 
press, by augmenting the atmospheric pressure behind or above the 
liquid. If, conversely, the value of /> is lowered, the expression 
P — p becomes greater and the value of F is correspondingly 
increased as in the case of suction or vacuum filtration; the rate of 
filtration varies inversely as the viscosity n. Glycerin solutions of 

1 Walter H. Blome and Charles H. Stocking. ** Fundamentals of Pharmacy,** 
Lea & Febiger, Philadelphia, 1939, pp. 93-99. 
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high viscosity pass through a filter much more slowly than alcoholic 
liquids. The viscosity of a liquid, however, is much reduced by 
raising its temperature; and if filtration is carried out at a high tem¬ 
perature, at which the viscosity of the liquid is lowered, the rate of 
filtration can be greatly accelerated. Mathematical accuracy in 
arriving at a value of V is not possible, since some of the factors are 
not susceptible to exact evaluation. The rate of flow is affected by 
electrical charges, adsorption, etc.^ 

In simple fillraiion the porous medium most commonly used is 
unsized, pure, white paper of varying degrees of durability and tex¬ 
ture depending on the purpose to which it is being put. Filler paper 
may be obtained in sheets or, more commonly, as disks, which are 
more convenient to use and fold. The paper to be used in gravi¬ 
metric analysis, in processes where it is to be ignited with the pre¬ 
cipitate, is known as ashless Jiller paper and is specially treated to 
yield a small and known amount of ash upon ignition to constant 
weight. 

Forms of filter media, or septa, in addition to paper are paper 
pulp, cotton, linen, felt, sand, asbestos, ground glass, charcoal, 
porous stone, sintered glass, alundum, and screens of metal cloth 
(for filter presses) and metal wire of various types. 

Methods of Folding Filter Papers, Filter papers should be 
folded so that they will fit the funnel being used, will have sufficient 
support to withstand the pressure or weight of the material they are 
supporting, and will permit as rapid filtration as possible. Numer¬ 
ous methods of folding papers have been recommended, only a few 
of which are discussed here. 

1. First fold the disk in the middle {AB), Then bring A to an 
exact fit with B and crease, open, and set in funnel (Fig. 145). It 
will be noted that such a filter has as one-half of its surface one 
thickness of paper and as the other half three thicknesses. This is 
the quickest and most commonly used method of folding a paper; 
however, such a filter may not always fit the funnel closely. 

2. The fault may be partly obviated by folding the paper as in 
Fig. 146.2 Fold the disk in the middle {AB ); then, instead of bring- 

* Chemist and Druggist 132 (No. 3129), 71 (1940). 

* A. Regenbrechl. Chemist-Analyst No. 39 (June, 1923), p. 21. 
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ing B directly to A, bring to B', which throws C slightly off renter. 
No air will pass along B'C, and line B'D is so long tliat no air will 
leak through. 



Fig 145. Most commonly 
used type of plain filter 


/> 



3. The following procedure for folding is of practical value if the 
funnel does not have an angle of exactly 60 deg. (Fig. 147).^ A 
represents the size to which the paper is folded to fit most funnels. 
The corner C is torn off so that when the paper is placed in the fun¬ 
nel the crease B cannot draw air, which lessens the rate of filtration. 



Good contact between the paper and funnel is shown at 1. The 
absence of a fold of paper exteliding to the top of the filter prevents 
air from being drawn down the side of the funnel at 2. The point 
of the filter is centered over the outlet but not touching the sides of 
the funnel at 3. 

* H. A. Noyes. Chemul-Analyst No. 23 (February, 1918), p. 18. 
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4. Another form is a type of plaited paper. The ordinary filter 
has the disadvantage that one-half is of triple thickness and the 
other half of single thickness; it thus tends to pull in air and give an 
uneven flow. In la the paper, after bcung folded into halves, is 
folded into thirds and then into halves again (16). The paper is 
opened and with a little guidance is caused to take the form shown 
in Ic. The triple and single thicknesses now arranged symmet- 



Ib Ic 

Folded pc!per 
(loosely in funnel) 


Fig. Its. 

rically around the funnel, bringing about a more even distribution 
of the solid and more rapid filtration (Fig. 148).^ 

5. The following method has been found to be unusually satis- 
faiAory, primarily because it distributes the paper more uniformly 
(Fig. 149): The paper is folded in half (la) and then into quarters 
(16). Reopen and bring the edges to the center on opposite sides 
(Ic). The filter, ready for the funnel, is shown in Id.^ 

6. A quadruple fold of the filter ha^ been used with marked suc¬ 
cess in ordinary filtration and in filtrations involving quantitative 

^Lester Meyer. Chemist-Analyst 21 (No. 4), 18 (1932). 

* Charles A. Scogland. Eiwryday Science ami Mechanics 6 (No. 6, December), 
971 (19.35). 
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technique. Such a filter acts more rapidly than inost.^ The 
method of folding is shown in Fig. 150. 

7. The plaited filter (also called pharmacist’s filter or pleated 
filter) is a multifold filter that has been in general use in simple fil- 
trations of larger quantities of liquid in the pharmacist’s laboratory 

1 The Laboraiory, Firther Scientific Co., Pittsburgh, Pa. 
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and where a large filter may be used to advantage. Nevertheless, 
the advantages and efficiency of this type of filter are open to ques¬ 
tion. It has been found that the quadruple-fold filter described 
under 6 is equally serviceable and efficient for small and large 
volumes of liquid mixtures. 

Paper for the plaited filter is available on the market already 
folded; to fold it properly and quickly in the laboratory requires 
practice. One precaution must always be observed in folding: the 
creases should never be brought to the tip of the ( one, for thus the 
apex of the filter is weakened and the paper will tear easily at this 
point when a considerable quantity of liquid is put in. Figure 151 
shows steps to be followed in folding such a filter. 

Funnels. In simple filtrations the filtering nu^dium is supported 
in a device known as the funnel, which is a cone-shaped instrument 
of glass or metal. The funnel also facilitates the pouring of liquids 
from one vessel to another, especially if the vessels have narrow 
openings, and certain funnels are used to transfer powders. Figure 
152 shows the several types. 

Funnels may be made of glass, bakelite, hard rubber, porcelain, 
granite ware, earthenware, copper, tinned copper and iron, and gal¬ 
vanized iron. Metal funnels are durable and easy to clean but are 
subject to attack by chemicals and have little use at the prescription 
counter. They are of value in filtering large quantities of noncor¬ 
rosive liquids as well as in transferring them. Funnels of enamel-, 
granite-, or agateware have a tendency to chip easily. Some metal 
funnels are provided with valves for transferring liquids in the 
funnel. 

Glass funnels are the ones most commonly used by the pharma¬ 
cist for small-scale work, especially at the prescription counter. 
They should be made with an angle of exactly 60 deg. to ensure 
proper fitting of the filter paper. This type of funnel is transparent 
and easily cleaned but is more likely to break. Hard-rubber funnels 
are not generally used, since they are comparatively expensive, not 
transparent, have a tendency to warp, and become brittle when used 
with hot liquids. Porcelain and earthenware funnels, while not 
transparent, are sturdy and easily cleaned but are more expensive 
than glass. 
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Funnels are generally held in stands caWed funnel supports ox fun¬ 
nel stands, which are usually made of wood (Fig. 153). The use of 
iron rings on iron supports should be avoided, as they are often 
rusty and the rust is apt to rub loose and fall into the filtrate. 

Aids to Filtration. The filter aids might be considered as filter¬ 
ing media in that, by mechanical absorption or, in some cases, by 

adsorption, they will remove solid and 
liquid particles in such a fine state of 
subdivision that they will pass through 
the pores of ordinary filter paper. 
The substances generally used are 
powders in a fine condition (see the 
discussion of decoloration, clarifica¬ 
tion, and deodorization, pages 538, 
539, and 542). They should be in¬ 
soluble and inert and should be used 
with caution and proper selection so 
that, by adsorption, active agents will 
not be removed from the solution 
along with the undesirable solid ma- 

Fig. 153. Funnel supports. terial. In using a filter aid the rate 

of filtration increases with (1) the 
percentage of filter aid used, (2) the filtration temperature, (3) the 
filtration pressure, (4) the dilution of the liquid, and (5) the fluidity 
of the liquid.^ 

The following substances are used as aids to filtration: 

Paper pulp is especially effective, acting by mechanical absorption. 
It is prepared by stirring shredded filter paper with cold distilled 
water, adding boiling water, agitating by means of a spatula or 
stirrer until disintegrated, and then pouring onto a straining cloth 
or filter. 

Purified Talc U.S.P. XIII is stated to be nonadsorbent but is 
absorbent. It is used for the preparation of waters, spirits, and 
elixirs. It has one disadvantage in that it is too finely divided and 
tends to run through the filter paper. If this occurs, the filtrate 

* A. O. Robson. J, Proc, Sydney Tech, Coll, Chem, Soc, 7, 31-40 (1935-1937); 
Chem, Abstracts 34, 7661 (1940). 
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should be returned to the funnel until the pores of the paper have 
become closed. This sometimes requires considerable time. A 
mixture of equal parts of talc and pulverized asbestos in the tip of 
the filter has been recommended. 

Purified Silicious Earth U.S.P. XIII (infusorial earth, diatoma- 
ceous earth, or diatomite) is used as a nonadsorbent and efficient 
aid. Clays^ such as fuller’s earth, kaolin, and bentonite, may be 
used, but some have the disadvantage of adsorbing coloring matter 
and alkaloids. 

Wood and animal charcoals are especially effective but have 
unusual selective adsorptive properties (see Decoloration, page 538). 

Chalk, precipitated chalk, magnesite, magnesium oxides and car¬ 
bonates, and calcium and magnesium phosphates have also been 
used. However, these are not suited for acid solutions, and some 
may also give undesirable reactions to the filtrate and cause incom¬ 
patibilities in prescriptions. 

Silica gel, aluminum oxide (alumina), filter cel, and asbestos have 
I>een used to advantage. 

Krantz and Carr,^ in filtration experiments, have made a study of 
filter aids and report that the clarification of Aromatic Elixir C.S.P. 


Table 26 


Filter aid, 3 Gm. per 100 ec. 

Numbf'r of filtrations 
required for 
rlarificalion 

Turbidity, 
parts per 
million 

1 

Sodium chloride. 

5 

3 

Fuller’s earth No. 200. 

2 

4 

Magnesite No. 60. 

2 


Magnesite No. 100. 

4 

3 

Precipitated magnesium carbonate. 

1 

1 

Magnesium oxide. 

1 

1 

Magnesium chloride. 

4 

0.5 

Talc No. 100. 

2 

2 

Alum. 


0.5 


* John C. Krantz and C. J. Carr. J, Am, Pharm, Assoc, 19, 1095.(1930); 20^ 
784 (1931). 
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XIII is the result of the coagulation by neutralization of the charges 
on the oil particles in the elixir by oppositely charged ions in the 
solution and absorption of the coagulated particles by an insoluble 
filtering agent exhibiting an immense surface. Table 26 gives the 

results that these workers obtained 
with some filter aids. 

These results indicate that precipi¬ 
tated magnesium carbonate is the most 
effective filter aid. Magnesite is solu¬ 
ble (10 mg. per 100 cc.) and is primarily 
a coagulant; the solubility of talc is 
negligible, and its use as a filtering 
agent depends almost entirely on its 
absorptive capacity. Precipitated 
magnesium carbonate is soluble to the 
extent of 40 mg. per 100 cc. and because 
of its bulky nature exhibits a tre¬ 
mendous surface acting as a coagulant 
as well as an absorbent. The efficiency 
of talc is augmented by the addition of small amounts of electrolyte 
such as sodium chloride. The chief objection to the use of 
magnesium carbonate is its alkalinity. For this reason magnesile 
is recommended. 

Continuous Filtration* A filtration assembly may be of the 
continuous, or automatic, type similar to the continuous-washing 
assembly (page 496), the filtration assembly shown in Fig. 154,^ or 
the constant-flow type shown in Fig. 155.2 In filtering, it is essen¬ 
tial for the stem of the funnel to remain constantly full and for the 
flow from it to be continuous and uninterrupted; this necessitates 
accurate and close fitting of the paper to the funnel to avoid pulling 
in air. Davis claims that the following modifications usually recom¬ 
mended to augment filtration have been proved futile: (1) notching 
the paper at the edge (see Fig. 147), (2) having the stem of minute 
bore and the point ground to a 60-deg. angle, (3) constricting the 
stem of the funnel at the vertex of the cone (Fig. 156), (4) having 

‘ James Carey. Pharm. J. 148, 42 (1942). 

* Charles B. Davis. Chemiil-Analyst No. 49 (February-March), p. 13. 



Fig. 154. Automatic filter 
replenisher. 
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the cone ribbed and channeled in various ways (Fig. 152), (5) con¬ 
structing a bulb in the stem (Fig. 157), (6) plaiting the filter paper. 
In Davis’s assembly the funnel A rests on the outer tube J5, and its 
stem reaches to the bottom tube C, which may be unattached or 



Fig. 160. Hot extrac¬ 
tion and filtration ap¬ 
paratus. 



Fig. 161. Tanner’s apparatus 
for hot extraction. 


sealed to JB or held by a rubber adjunct. A Bfichner or sugar funnel 
with a Gooch crucible and rubber ring may be substituted for the 
ordinary funnel. This funnel may serve for double filtration by 
lining the cone of the funnel with filter paper and embedding the 
stem in sand, fuller’s earth, filter cel, activated carbon, or a solvent 
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Fig. 162. Assemblies for simple hot flltrations and crystallization 


such as carbon tetracliloriclc. These continuous-filtration assem 


blies may be used to conduct washings. 

Hot Filtration. In pharmacy it often becomes 
luwssary to remove solid impurities from gelatin, 
jellies, agar jellies, white and yellow waxes, petrola¬ 
tum, cerates, ointments and other salvelike prepa¬ 
rations, benzoinated lard, suet, etc. To do this 
the filter should be maintained at a temj>erature 
that will keep these products in a liquid state as 
the filtration proceeds. This may be accomplished 
(1) by the use of a hol-ivaler funnel (Fig. 158); (2) 
if steam or hot water is available, by means of coils 
about the funnel (Fig. 159); (3) by placing the 
filtering apparatus in an air oven maintained at a 
desired temperature; (4) by an apparatus shown in 
Fig. 160;' (5) by Tanner’s apparatus (Fig. 161) 

^ J. B. Conant. “Organic Synthesis,” John Wiley & 
Sons, Inc., New York, 1922, Vol. 2, p. 49. 

* H. G. Tanner. Ind Eng. Chem. Anal. Ed. 4, 397 
(1932). 



Fig. 163. Fun¬ 
nel with loop in 
stem. 
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Fig. 164. High-vacuum pump. 



and (6) by the assemblies recently proposed by 
Dawson and Dehn* (Fig. 162). 

Acceleration of jiliralion is accomplished in the 
following ways: (1) by plaiting the filter paper; (2) 
by using a ribbed or fluted funnel; (3) by a com¬ 
bination of (1) and (2); (1) by lengthening the 
funnel stem by means of a loop in the stem (Hg. 
163); (5) by making a constriction in the funnel 
stem; (6) by suction, or vacuum, filtration; (7) 
by increasing the pressure on the liquid to be 
filtered. Methods 1 to 5 have been discussed to 
some extent earlier in this chapter. Their ex¬ 
pected efficiency may be subject to que^stion, as 
much depends upon the skill of the operator. 

Suction Filtration. This form of filtration 
is a satisfactory laboratory procedure for acceler¬ 
ating the process. The suction beneath the filter 
may be developed by means of filter pumps (aspira¬ 
tors), or vacuum pumps (Fig. 164). (See also 
Fig. 83.) 


Fig. 165. Rich- * John W. Daw»on and W. M. Dehn. Ind. Eng, Chem. 
ard^s filter pump. Anal, Ed. 12^ 317 (1940). 
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Filter pumps are obtainable in various forms, one of the most 
satisfactory being the Bichard's pump (Fig. 165). Through a fine 
jet and at a high rate of speed, tap \Aater flows in at the top of the 
pump and down the vertical tube, pulling air through the side arm 
of the tube and thus creating a partial vacuum in any closed or 
partly closed system to which the side arm is attached. Accom¬ 
panying pieces of equipment include a water trap, a filter flask, fun¬ 
nels, filtering media, and, if the measurement of the reduced pressure 
is desired, a manometer (see Fig. 166). 



Fig 166. \ssenibl> for suction filtration 


The water trap, while not essential, is a safety device that should 
always be used if the filtrate is to be recovered, to avoid its dilution 
with water, which is brought about by the backward flow of the 
water through the side arm of the filter pump. This frequently 
occurs in the laboratory where use of water by many workers is apt 
to bring about a sudden variation in the pressure of the water in the 
water line. Filter Jlasks should be thick-walled vessels provided* 
with a side tubulature for connection to the trap and to the pump. 
In making connections, a rubber tubing with thick walls should be 
used. The most satisfactory funnel to be attached to the filter 
flask is the Buchner funnel (Fig. 167), which may be heated or cooled 
and which has a perforated bottom. Filtering media for this type 
of funnel may be paper pulp, filter paper, cloth, or an asb^tos mat. 
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For filtrations involving the removal of small amounts of solid mat¬ 
ter, especially in quantitative work, the Gooch porcelain crucible, 
alundum crucible, and sintered-glass crucible (Fig. 168) may be 
employed. The Gooch crucible (Fig. 169) is made of perforated 



Fig 167 Buchner funnels 



Fig 168 Sintered-glass crucible 



Fig 169 Gonch crucibles 


porcelain or has a bottom of porous glass with openings of various 
sizes. The alundum and sintered-glass crucibles have the disad¬ 
vantage that they are difficult to clean. If crucibles are employed 
it is necessary to use holders, of which several types are available 
(Fig. 170). 
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Fig. 171. Filter cones. 


The ordinary funnel may be used in suction filtration if it is pro¬ 
vided with a cone to hold the filter paper or with a porous cone 
(Fig. 171). Mumford‘ suggests a “repeating filter” contrived by 

* Kenneth O. Muniford. Chemisl-Atmlysi 21 (No. 5), 18 (1932). 
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using an ordinary funnel and a filler cone (Fig. 172). The cone is 
inverted in a short-stem funnel, and a small amount of asbestos fiber 
is used to seal the cone to the funnel. If large quantities or several 
small samples of the same material are to be filtered, the insoluble 
matter is collected by pouring the li(fuid on the tip of the cone. The 
precipitate is washed down onto the asbestos, and thus a fresh filter¬ 
ing surface is provided for each addition of the liquid to be filtered. 




It is claimed that 30 to 40 filtrations can be made without construct¬ 
ing a new filter. 

Serinis* describes a rapid filler for quantitative filtrations that he asserts 
is a combination of some of the desirable features of the ordinary, the Gooch, 
and the BUchner funnels (Fig, 173). A thick aslx^stos mat A is prepared in 
a Buchner funnel, a piece of filter paper B is placed over it, and A and B are 
washed with hot water until all loose particles are washed away, as is evidenced 
when the wash liquid is clear. Tlie filler may be used with A only, especially 
when strong acids or alkalies, etc., would destroy filujr papt^r, and may l>e used 
over and over for the same type of filtration. Disturbing the asbestos in pour- 

‘ N. S. Serinis. Chemist-Analyst 17 (No. 4), 17 (1928). 
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ing the liquid into the funnel may be avoided by placing a small piece of glass 
on A and directing the stream onto it. The filter may be used with A and B 
where B acts as a protection for A, especially in pouring and for filtrations of 
soluble precipitates. 

After filtration the main portion of the precipitate is removed with the filter 
paper, the residue in the funnel is washed away with solvent and hot water and 
another filter i)ap<ir placed on A, and the assembly is ready for another filtra¬ 
tion. This filter is said to }>e faster than the ordinary Buchner funnel: the 
filter paper will not break under high suction, fine preci[)itates difficult to filter 


/Vi// for screwing^ Leadgasked 

dov^n on gaske/ 


Lea//ier gaske/-^A 




—» 

r 

I 






Cas/ iron 
body of press 
(nof shown in B) 


To suc/ion -Hol 


Cake f 
(nof shown in A) 



Fif/er fumed 
back to 
show grid 
(Too thin to 
show in B) 




Section A 

Fig. 17 i. Filter leaf. 


Section B 


can l>e removed quickly and completely, and the time of filtration and the 
washing of prei'ipitates is thus reduced. The filter may be used as A, B, and C 
for combined filtration of insoluble precipitates, which must be removed in 
some way other than by solution; C is folded as shown in Fig. 173. For r^'gular 
laboratory work the 55- and 125-mm. Buchner funnels are satisfactory. 

Another form of suction-filtration apparatus is the filter leaf 
(Fig. 171). 

Pressure Filtration. This is carried out by increasing the pres¬ 
sure on the liquid to be filtered by (1) gravitational means and (2) 
air or mechanical pressure on the liquid. Gravitational methods 
are used in simple filtration. However, syrupy or viscous liquids 
such as oils or copaiba may be filtered by pouring the liquid into a 
long filter bag enclosed in a long metal tube. This column of liquid 
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Fig. 175. MonU*ju.s filter. 
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produces sufficient pressure by gravity so that the liquid filters 
rapidly at the bottom of the tube. 

Mechanical or air pressure on the liquid is successfully employed 
in the Montejus filter (Fig. 175) and the filter press (Figs. 176, 177, 




Fio, 178. Plates and frame of a filter press. 

178).^ Since liquids to be filtered are practically nonconipressible, 
any pressure applied will force the liquid through the filtering 
medium. These pieces of apparatus are generally used in large- 

* John W. Cooper. “Tutorial Pharmacy,’* Sir Isaac Pitman & Sons, Ltd., 
London, 1941, pp. 275-281. 
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d/sk 


^SmaH 

^crucible 


scale filtrations and will not be described here, their description and 
utilization being more properly included in a course in manufactur¬ 
ing pharmacy. 

Microfiltration. Semimicro- and microJiUration, or ullrafdlra- 
tion, assemblies are often lUTessary when minute quantilie^s of mate¬ 
rial are to be filtered. This may be the case in inorganic and 

organic qualitative and quantitative 
analysis \vhen it Ix'cornes necessary 
to recover small amounts of insoluble 
substances from liquids and to weigh 
or purify them. Among the many 
assemblies recommended for this 
purpose, two will be described bt^- 
cause of their simplicity and ease of 
construction (Fig. 179).^ The lower 
conical half of the glass cup of an 
Ostwald pycnometer is used with a 
filter disk, forming a fine filtering 
device similar to a Buchner funnel. 
The vacuum chamber is made by 
cutting off the bottom part of a 
large, strong-walled test tube pro¬ 
vided with a side arm, and all joints 
are sealed tightly. This apparatus 
is serviceable in crystallizing and 
purifying small quantities of materials. A platinum disk may be 
made by perforating a small piece of foil with a needle and form¬ 
ing it into a disk of the same size as the tip of the filtering head. 
Koone’s apparatus may be easily constructed of materials available 
in the laboratory.^ The filter crucible is small (1 to 1.5 Gm.) and 
the precipitate is kept compact, which permits the use of a mini¬ 
mum amount of wash liquid and facilitates the resolution of the 
precipitate if this step is necessary (Fig. 180). 

Separation of solid substances from a liquid when relatively small 
amounts of material are being used often presents considerable diflS- 



Seal/ng wax 


Fig. 179. 
filtration. 


Apparatus for ultra- 


‘ H. Yagoda. ChemUl-Analyst 24 (No. 3), 20 (1935). 

* Ernestine Koone. Chemist-Analyst 27 (No. 1), 18-19 (1938). 
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ciilty, especially when the specific gravity of the 
solid is close to that of the liquid. Perrine and 
Kunip^ have designed a filter that overcomes this 
difficulty (Fig. 181). 

This tube is easy to coostruct from inexpensive material; 
it conforms in dimensions to the ordinary centrifuge tube and 
will fit into apparatus designed to take such tubes; the only 
substances that can come into contact with the contents of 
the tube are glass and filter paper; the filter may be used at 
high or low temperatures. A constriction E is made in a 
pyrex centrifuge lulw (15 cc.) in such a position that the lower 
[>art of the tul)C F will l)e only slightly smaller in capacity 
than the iipjKir part G. The filter plate />, through which 
holes have l)een ground, is made to rest on the shoulder //. 
The filter stem C, a 3-min. pyrex tul)e, {)ermits equalization 
of pressure between the chaiiiljers F and G. A filter paper 
is cut tx) fit inside the centrifuge tube, with a small central 
hole to take the filter-plate stem. One or more papers may 
l>e fitted with the help of a glass rod. The mixture to be 
filtered is poun'd onto the filter and centrifuged after insertion 
of the rubber stopper A. The filtrate can be drawn off 
through the filter stem by means of a capillary dropper. The 
rcKsidue on the filu^r can be removed almost quantitatively 
by withdrawing the filter plate. In order to use the filter at 
^ Theodore Perrine and William Kump. Ind. Eng. Chem. 
Anal Ed. 11, 658 (1939). 



Fig. 181. Cen¬ 
trifugal tube 
filter. 
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temperatures above or below that of the room, the substance undergoing treat¬ 
ment, the filter, and the tube shield are preheated or precooled, and the sub¬ 
stance is then rapidly transferred to the filter and centrifuged. 

MetaJUtration is filtration through apertures of a prearranged size 
in aseptically devised metallic or other structures; the passage of 
particles above a corresponding diameter is thus prevented, while 
by the simultaneous use of a filter bed, tlie fuieness of filtration can 
be brought to the point usually considered accessible only to ultra- 



Fio. 182. Metafiltcr ring (right) with surface view of scalloped ring and 
vertical section of two rings in position. 

filters (Fig. 182).^ This type of filtration includes filters with 
renewable filter beds and filters with renewable pockets; for filter 
beds, powdered or activated charcoal, infusorial earth, magnesium 
carbonate, and silica are used. 

Streamline Filtration. This is accomplished by means of a 
column of paper disks compressed together and pierced through the 
center to form a conduit for the filtered liquid. The liquid to be 
filtered is forced by pressure or drawn by vacuum through the paper 
column to the inner conduit; the inequalities of surface between the 
separate sheets form passages of an almost molecular fineness (Figs. 
183 and 184). Each pack is mounted on a square rod; this leaves a 


* ChemiH and Druggist 132 (No. 3129), 65-70 (1940). 
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Fig. A laixiratory streamline filtration assembly. 


Adjusting nuf-\ 

Fi/frc^tc 
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Fig. 184. Streamline filter. 


space in the cylindrical bore of the paper column through which the 
filtered liquid passes, and the solid particles are filtered from a cake 
on the outer surface of the column. Gradually the accumulating 
matter reduces the rate of filtration, but a reversed flow of com¬ 
pressed air removes the whole of the cake and restores th^ filter to 
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its original condition. The streamline filter is especially suitable 
for analytical purposes, for acids and strongly alkaline liquids, and 
for lubricating, insulating, fuel, and edible oils and aqueous liquids. 

Acid-resisting filtering materials include infusorial earth and por¬ 
celain filter tubes as well as porous ceramic filter tubes and disks. 
Their advantages are (1) regulated porosity and permeability, (2) 
higher resistance to aggressive chemicals, (3) good resistance to 
chemical shock and to high temperatures, (4) high mechanical 
strength and adaptibility for use in various types of filter, and (5) 
regularity of pore distribution. They arc adaptable for use in suc¬ 
tion, pressure, and rotary filters and centrifuges and are available 
in a variety of shape's and sizes suitable for gas and oil filtration. 
Screens of metal cloth for filter presses as well as various types of 
metal wire are marketed.' 

Bacterial Filtration. Bacterial filtration is discussed in greater 
detail under Sterilization (page 404); a complete treatment of the 
subject belongs properly in a course in bacteriology. It is a means of 
bringing about almost complete sterility of pharmaceutical products, 
such as ampul solutions (Injections U.S.P. XIII), that might be 
injured by heat. The principal types are (1) the Berkefeld filter, 
(2) the Pasteur-Chamberland filter, (3) the Mandler filter, and (4) 
the Seitz filter (Figs. 185 to 188).* The first three are filter candles 
consisting of hollow cylinders of compressed infusorial earth or por¬ 
celain, provided with suitable endpieces with threaded nozzles for 
mounting. The liquid to be sterilized is filtered by pressure or 
suction. The filters may be of the single or multiple types; they 
are sterilized before use, and the absence of leaks must be assured. 
Sizes vary from 20-cc. filters with 250-cc. filter flasks to filters of 2 to 
3 L. with correspondingly larger filter flasks. The porcelain filter 
is finer but slower than the Berkefeld filter of infusorial earth and is 
reputed to remove filtrable viruses as well as bacteria. It is effec¬ 
tive in the filtration of gargles, eyewashes, alkaloidal solutions, etc. 
The cleaning of candles is a difficult task, best accomplished by 
heating to redness in a muffle. The Seitz, or asbestos, bacterial 
filter consists of asbestos compressed into a disk, through which the 
^ Ibid. 

* Chemist and Druggist Ann. Machinery No. 1 (1938), p. 93. 
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Fkj. J85. Mulliple-^jaiidle Berke- 
feld filter. 



Fi<;. 186. Filter cau¬ 
dles. 



Fig. 187. Sectional view of Mandler filter and candles. 
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liquid is forced. It is especially effective and rapid in working with 
large quantities of liquids.^ 

Sintered-glass, or fritted-glass, filters may also be used for bacterial 
filtration. Berry, ^ by means of Beckholder’s formula, reports 

the pore size for the Pasteur-Chamber- 
land, Berkefeld, Mandler, Doulton, and 
sintered-glass filters. Sintered-glass filters 
are efficiept when the pore value is not 
more than 2.5 g; the Pasteur-Chamber- 
land filter has a pore value of 1.3 g and 
the Mandler of 2.6 g, indicating that the 
former is practical for pharmaceutical 
sterilization. The task of cleaning this 
type of filter is a difficult one, but it may 
be accomplished by placing the filter in a 
dichrornate-sulfuric acid cleaning solution 
for a period of time. 

Centrifugal Filtration. Centrifugal 
filtration is known also as centrifugal 
separations expressions strainings and de- 
cantaiion. It is a valuable means of 
separating both solids and liquids from 
liquids by employing centrifugal force. 
The process is particularly valuable in 
washing and drying crystals, precipitates, 
and fabrics, in obtaining precipitates of 
blood, in urine analysis, and in the removal of bacteria from 
products, fats from milk, and fruit juices from pulp. 

This form of separator may be provided with a removable bowl, 
which, with fittings supplied separately, can be assembled for use 
in any of the following capacities: (1) as a clarifier for the removal of 
suspended solids from a liquid; (2) as a separator for the continuous 
separation of two immiscible liquids, with simultaneous extraction 



Fig. 188- A Seitz pres¬ 
sure and vacuum filter. 


^ F. Wokes. Pharm, J, 136, 313 (1936); Quart. J. Pharm. Pharmacol. 9, 460- 
461 (1936); Pharm. AbslracU 3, 399 (1937). 

* H. Berry. Pharm. J. 139, 261-26^, 294 (1937). Pharm. Abstracts 3, 
485-486 (1937). 
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of suspended solids; (3) as a clarifier for small batches of liquid; (4) 
as a washing separator for the intimate mixing of two immis¬ 
cible liquids, followed by their complete separation (as a solvent 
extraction).^ 

The efficiency of the process depends on the velocity, although 
according to Shapiro, ^ in designating results involving the use of a 
centrifugal macliine, tlie force compared vJth gravity (i.e., relative 
centrifugal force) should be specified rather than the number of 



Fig. 189. Small centrifugal machines. 


revolutions (i.e., speed or velocity). The centrifugal force C in 
dynes is equal to where n is the number of revolutions per 

second and R is the radius in centimeters. Relative centrifugal 
force equals C/980 compared with gravity. 

The centrifugal machine may be hand- or power-driven ana may 
be of two distinct types involving (1) the separation of the solid by 
centrifugal force and decanting the clear liquid, as the heavier par¬ 
ticles are affected more strongly by this force; and (2) the separation 
of the liquid through flotation or through a porous or perforated 
vessel. 

I Chemist and Druggist 132 (No. 3129), 65-70 (1940). 

* H. Shapiro. Jnd, Eng, Chem. Anal Ed. 7, 25 (1935). 
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Several machines for small-scale use have been designed at reason¬ 
able prices (Fig. 189). Other recommend(‘d and more expensive 
large-scale machines are also shown (Figs. 190 to 192). 

Rules for Conducting Filtration. We have dealt extensively, 
although not exhaustively, with nitrations of the more important 



Fig. 190 Large centrifugal machine 


types. Certain simple rules should be observed at all limes. These 
may be outlined as follows: 

1. The speed of filtration, in using the plaited or pharmacist’s 
filter, may be greatly accelerated and the filter made more durable 
by twisting the apex of the filter and inserting the latter firmly into 
the upper end of the funnel stem. This lends support to the bottom 
of the filter paper when a large funnel and filter paper are used in 
filtering large quantities of material. 

2. In simple filtration it is advisable to wet the filter paper so that 
it may be made to adhere to the funnel as firmly as possible when 
the liquid is added; this also aids in washing off shreds and linters 
from the paper, especially when an inferior grade of paper is used. 
It is advisable to wet the paper with the liquid that serves as the 
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solvent or continuous phase. For example, if an aqueous prepara¬ 
tion is being filtered, wet the filter with water; if an alcoholic or 
hydroalcoholic preparation, wet the paper with alcohol or diluted 
alcohol of the same approximate strength; if a chloroformic prepara¬ 
tion, wet the paper with chloroform and not water. Fats and oils are 




Fig. 191. High-speed centrifugal machineb 


usually filteied through a dry filter, and in such cases hot filtration 
will save time. 

3. If the liquid to be filtered is highl> alkaline or acid or contains 
a very fine precipitate or is very dense or hot, a double filter or an 
asbestos filter is indicated. 

4. If large amounts are to be filtered, the paper should be sup¬ 
ported at its apex by a filter cone of parchment paper without a tip 
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or by a loose pad of cotton or glass wool or a strong gauze; or a small 
porcelain sieve or a double filter should be used. A filter may also 
be strengthened by placing at the apex a platinum cone or some 
other support. 

5. Volatile liquids should be filtered in a filter provided with a 
cover and with the funnel inserted into the receiving flask through 
a cotton plug placed in the neck of the flask. 



Fig. 192. High-speed separators and parts to conduct various tyjx^s of 
Beparation. 


6. In pouring liquids into a filler (he Ihpiid should always be 
poured on the side of the filter, never into the apex, and a guiding 
rod should be used to direct the stream onto the filter. 

7. A filter that is loo large for the funnel should never be used, for 
this makes an unsightly apparatus, indicates carelessness in tech¬ 
nique, and causes loss of liquid by increased evaporation of the 
liquid from the paper exposed above the funnel. 

8. A funnel should be selected of sufficient size to accommodate 
effectively the amount of liquid or solid present. Do nol use a small 
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filter in a large funnel. The edge of the filter paper, when placed 
properly in the funnel, should be 0.5 to 1.0 cm. from the top of the 
funnel. This prevents loss by evapora¬ 
tion, “creeping,” or running over. If 
the filtrate is desired, a plaited filter may 
be used; if the residue (precipitate or 
sediment) is wanted, use a smooth filter 
so that the solid may be easily removed 
(Fig. 193). 

9. The funnel support should be ad¬ 
justed so that the tip of the funnel stem 
will touch the side of the receiving vessel; 
thus loss by splashing and excessive 
evaporation is previ'iited. 

10. The bottle should never be used 
as a funnel support. In filtering into a 
receiver with a small mouth such as the 
customary prescription bottle, there 
should be sufficient space between the 
funnel stem and the nec k of the bottle 
to allow for the escape of air as the filtrate flows into the bottle. 

11. In resorting to continuous filtration, it is advisable to effect a 
preliminary separation of the larger particles by straining. 

12. At the prescription desk it is often necessary to filter small 
amounts of dye solutions. These always present a problem when it 
comes to cleaning the apparatus. The staining may be avoided by 
rolling a piece of parchment paper into a cone of such dimensions as 
to liold the filter paper and >et permit insertion into the neck of the 
container as a support. After the filtration is completed, the papers 
may be discarded. 

13. In using the asbestos mat with a Gooch, or other, crucible and 
a Btichner funnel, the holes have a tendency to become clogged or 
filled under the influence of strong suction and thus slow up the 
filtration or even stop it entirely. This tendency may be obviated 
completely and the speed of filtration increased many times by 
interposing a thin layer of glass wool ahead of the asbestos pad by 


Fi(. 193. Proper assembly 
for simple filtiation 
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merely laying or tamping it on the bottom, the asbestos suspension 
being then poured through in the usual manner.^ 

COLATION 

Colation (Latin colare, to filter, to strain) is the process of separat¬ 
ing large solid particles from liquids by pouring the mixture on a 
cloth or other porous medium (colatorium) that permits the passage 
of the liquid and retains the solid. It may be considered a type of 
filtration or a preliminary step to filtration. Generally the liquid 
is the portion desired; this is called the colature. The process is one 
that is much employed by the layman, especially the housewife, as 
well as the pharmacist, since it is fairly rapid and involves no great 
outlay for apparatus. 

The essential apparatus is a straining medium and a strainer sup- 
port, or frame. The straining media, or strainers, are most generally 

of cloth, such as Canton flannel, muslin, 
woolen material, and cheesecloth. The 
cloth is supported in a square form of 
wood provided with projections to hold it 
during straining. This frame is called a 
tenaculum. Other forms of strainer may 
be screens of iron, enamelware, and por¬ 
celain, as well as sieves, which are provided with cotton, oakum, 
or wood wool. After the excess liquid has been strained from the 
insoluble matter, more liquid may be removed by expressing. 

For small-scale straining at the prescription desk, the convenient 
combination hard-rubber strainer and powder funnel (see Fig. 152) 
may be used; or the wet straining cloth may be tied on the edge of a 
wide-mouthed container and the liquid poured onto it, the residue 
being expressed after the liquid has drained off (see Fig. 130). 
Great pressure should be avoided; it is preferable to rinse the residue 
with a liquid (water, alcohol, etc.). 

In simple straining the colature is seldom clear. However, there 
are strainers that are efficient enough to produce clear colatures. 
These may be made of a fairly thick felt of wool or hair. They are 

‘ G. W. Pawel. **Facilitating Filtration,” Chemist-Analyst 29, (No. 4), 93 
(1940). 



Fig. 194. Strainer and 
frame. 
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used for melted fats, petrolatum, waxes, oils, syrups, and elixirs. 
Such strainers have been called leg-of-muilon strainers or Hippo- 
crates's sleeve because of their shape. They are supported in a frame 
by means of rings or a hoop and are suspended within a container to 
avoid evaporation due to air currents (Fig. 195). They are expen¬ 
sive and difficult to clean, and often the odor of the materials strained 
through them is retained for long periods of time, even after subse¬ 
quent washings. 

Other convenient forms of strainer are of metal and are called 
colanders or sieves; they may have a strainer cloth for more com- 



Fi(i, 195. “Leg-of-inultoa” strainers. 


pletc removal of llic solid matter. Presses may be used also; or a 
ring may be attached to a funnel to which the cloth is held by means 
of hooks. 

If a cloth is used as a strainer, it should be colorless (not dyed) 
and should be washed before being used to remove sizing materials 
such as gelatin, albumin, glue, starch, or mineral filler. This is 
accomplished by soaking in cold water and then boiling in distilled 
water. 

Drying by Absorption 

Another means of separating a solid from a liquid (particularly 
small quantities of the latter) in order to obtain the solid in a dry 
condition is drying by absorption (see page 542). In the laboratory, 
solids, which often cannot be dried by the usual methods employing 
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heat, may be dried in small quantities between filter papers, on 
porous porcelain plates, or by the slower desiccator method. Larger 
quantities may be dried quickly by resorting to vacuum and cen¬ 
trifugal filtration. 

A pharmaceutical process based upon this form of drying that is 
not much used at the present time is Irochiscation. This is a method 
of obtaining a solid by shaping a wet pasty mass, or magma, often 
obtained by elutriaiion (page 550) into the form of a dry mass, gen¬ 
erally cone-shaped. The wet mass is placed in a conelike funnel of 
heavy paper, preferably parchment, or in a funnel held on a support; 
upon tapping, the material is exuded and allowed to fall upon porous 
material, which will dry out the substance to form a conical mass. 
Prepared or Drop Chalk U.S.P. XIII is manufactured by this 
process. 

Decoloration or Decolorization 

Decoloration, or decolorization, is a process whereby liquids or 
solutions are deprived of undesirable colors by filtration through 
suitable media or by chemical means. The media used are finely 
divided substances that have the property of mechanical absorption 
(page 510) and/or selective adsorption (page 511) for the substances 
causing the color. 

For most laboratory purposes, the charcoals are most commonly 
used—bone, blood, and wood charcoals (Activated Charcoal U.S.P. 
XIII, Norite, decolorizing charcoal or carbon). Other substances 
for this purpose are the clays, such as bentonite, kaolin, fuller’s 
earth, and infusorial earth. Care should be taken in the selection 
of the decolorizing agent in treating solutions that contain other 
substances besides coloring matters, for the composition of the solu¬ 
tion proper might be changed owing to the removal of such impor¬ 
tant constituents as organic acids, glucosides, alkaloids, and bitter 
and neutral principles. 

This process is of great importance in sugar refining, in making 
syrups, in purifying fats, oils, petrolatums, etc., and in pharmaceu¬ 
tical laboratories in preparing superior products devoid of foreign 
coloring matter and in purifying solutions prior to analysis. 

The process is usually accomplished by digesting, or shaking, the 
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liquid mixture with the decolorizing agent and then filtering, or 
allowing the liquid to percolate slowly, through a column of the 
medium. The li(}uid should be returned or more of the agent used 
if the former has not lost its color. After a time the agent will no 
longer decolorize. It may then be discarded or rejuvenated, as in 
the case of animal charcoal, by heating. 

Cl^rificatiois 

Clarification (Latin clarus, clear, far ere, to make) is a process 
of removing from liquids substances that interfere with the trans¬ 
parency of the finished product. It may or may not be followed by 
filtration. It also has to do with the separation of finely divided, 
suspended substances from liquids as a solid, compact residue, in 
order to carry on with greater facility the processes of decantation, 
straining, and filtration. It is also accomplished by mechanical 
withdrawal on the surface, as in skimming, or in chemical processes 
by the formation of precipitates. 

Turbidity is often encountered in pharmacy in the preparation of 
elixirs, spirits, and other products containing oils to which water has 
been added in the course of their preparation. In general clarifica¬ 
tion involves, as already stated, the uniting of small particles into 
larger ones (agglomeration) by allowing the liquid or solution to 
stand for a time, a deposit or sediment being thus obtained (sedimen¬ 
tation), or by heating certain albuminous materials to bring about 
coagulation, as in fruit juices. Purified or clarified honey was 
formerly prepared by heating; the wax would rise to the top, carry¬ 
ing with it other matter, and then be skimmed off. Heat also 
changes the viscosity of the liquid mixture, allowing the heavier 
particles to settle out or the lighter ones to rise to the surface to 
form a scum, which may then be removed by skimming. The 
process of digestion often directed in chemical procedures brings 
about an enlargement of solid particles by heating and standing. 

Chemical clarifying agents include tannic acid for the separation of 
gelatinous and pectinic substances and gelatin for the precipitation 
of tannins as in wine making. Unusually small amounts of these 
agents are necessary, and there should not be an excess of either of 
the two substances. Tests for their absence should be iilade after 
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completion of the process. Tannic acid may be detected by the use 
of ferric chloride test solution and gelatin by tannic acid test 
solution. 

Agents acting by mechanical surface withdrawal are paper pulp 
(syrups), talcum (tinctures, syrups, elixirs, extracts), alumina 
(honey), egg albunen, burnt alum (spirits—20 Gm. per L.), infusorial 
earth, etc. 

The choice of agent depends on the type of liquid being clarified; 
it should be one that will give as complete clarification as possible 
with one treatment. When egg albumen is used, it is always neces¬ 
sary to warm it to bring about coagulation and subsequent clarifica¬ 
tion by occlusion. The effectiveness of egg albumen may be 
increased by the addition of cellulose such as finely divided filter 
paper; this addition also facilitates filtration after clarification. 
Clarifying agents that must be boiled are usually removed by skim¬ 
ming. Some clarifications may also bt^ helped by adding substances 
of high specific gravity (talc, clay, etc.). These cause sedimentation 
of the impurities as a thick froth. If talc is used an excess should be 
avoided, since it will float about in the liquid and run through the 
filter paper. The amount to be used may be determined by prelimi¬ 
nary experiment. 

Peyer^ recommends the following clarifying powders: 

PeycT Dioterich 

Dried egg albumen. -0 Dried egg albumen. 40 

Lactose. 20 l^ictose. 30 

Potato starch. 10 Starch. 20 

Mix Finely powder and mix 

For 1 L. use 1 to .'S Gm., shake frequently, let stand for several days at room 

temperature, and filter. 

Filter aids (page 510) such as talc, infusorial earth, kaolin, benton¬ 
ite, fuller’s earth, magnesium oxide, magnesium carbonate, and cal¬ 
cium phosphate bring about agglomeration by absorption and 
enlargement and will remove finely divided particles of oils, etc., 
suspended in liquids. Care should be taken that undesirable reac¬ 
tions are not given to the clarified product by a solution of a small 

* Willy Peyer. “Hager’s Pharmazeutische Technische Manuale,” J. A, 
Barth, Leipzig, 1931, p. 412. 
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portion of the clarifying agent. Paper and wood pulp, by enlarge¬ 
ment and obstruction, help to clarify, as does the presence of 
alumina and sand in water purification and clarification. Egg 
albumen coagulated by heat tends to surround and entangle parti¬ 
cles, which may be removed by subsequent filtration. It may also 
be added to liquids containing tannins, with which it is incompat¬ 
ible; the resulting precipitate aids in claiification. 

The adjustment of liquids to a definite hydrogen-ion concentra¬ 
tion may aid in clarification, as will fermentation, since many sub¬ 
stances such as pectins and albumens are soluble in natural juices but 
insoluble in alcoholic solutions; milk added to products acid in reac¬ 
tion will precipitate the casein, which settles out, carrying with it 
solid particles. Coagulation and flocculation in colloidal chemistry 
are processes closely related to clarification.^ 

THE SEPARATION OF LIQUIDS FROM LIQUIDS 

Such a separation, in general, involves two or more immiscible 
liquids, i,e,, layers are formed that may be separated by the use of a 



siphon (page 199), by pipettes—graduated and ungraduated—using 
suction by pump or mouth, or by a syringe or medicine dropper. 

1 James F. Couch. Am. J. Pharni. 94, 92-97 (1922). 
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The centrifugal machine (pages 531-532), special types of receivers 
such as Florentine receivers (page 364), and separatory funnels (Fig. 
196), which may be of various shapes, with or without ground-glass 
stoppers, are other means of bringing about this type of separation. 

Separations of liquids from liquids are carried out in the purifica¬ 
tion processes of alkaloidal assays, in the separation of volatile or 
other oils from water in steam distillation, etc., and in the case of 
accidental contaminations and admixtures. 

Small quantities of water may be separated from other liquids by 
the use of effective drying agents, such as anhydrous forms of calcium 
chloride, sodium sulfate, calcium sulfate, magnesium sulfate, phos¬ 
phorus pentoxide, magnesite, and dehydrite. 

SEPARATION OF GASES FROM LIQUIDS AND FROM GASES 

This type of separation, while important commercially, is not of 
great concern to the pharmacist except in an incidental way. Cer¬ 
tain substances such as the charcoals and clays have the property of 
adsorbing on their surfaces large amounts of gases, usually with a 
marked evolution of heat, since the change involved is closely related 
to liquefaction. 

Deodorizalion is a process of depriving substances of odors due to 
gases, liquids, or solids; these odors are generally obnoxious. It is 
accomplished by the use of adsorbents, ne., by passing the gaseous 
mixture through substances or solutions that have a particular 
affinity for the offensive gas, by the use of some substance that itself 
has an odor, or by aeration. The latter process is the removal of 
gases from a liquid by exposure to air and sunlight, as in the purifica¬ 
tion of drinking water that is allowed to flow in cascades, from spill¬ 
ways, fountains, and spraying nozzles, the water being thus exposed 
in thin layers or small particles to air and sunlight. 

The reverse of these processes, the removal of small amounts of 
liquids, particularly moisture from gases, is often necessary both in 
the laboratory and on a commercial scale. This is generally accom¬ 
plished by the use of drying agents in appropriate absorption and 
washing bottles (Fig. 197). Bower^ has determined the compara- 

‘ J. R. Bower. Bur. Standards J. Research 12, 241 (1934); Yearbook Am. 
Pharm. Assoc. 23, 254 (1934). 
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live efficiencies of various drying agents for gases. The order of 
efficiency at 30°C. for the materials studied (with the amount of 



Tig. 197. Absorption bottles. 


residual water in milligrams per liter of air-dried gas) follows: copper 


sulfate, 2.8; calcium chloride (granular), 1.5; 
calcium cliloride (technical anhydrous), 1.25; 
zinc chloride (sticks), 0.98; barium perchlo¬ 
rate, 0.82; magnesium perchlorate, 0.031; 
silica gel, 0.030;potassium hydroxide (sticks), 
0.014; aluminum chloride, 0.005; calcium 
sulfate (anhydrous), 0.005; calcium oxide, 
0.003; magnesium chlorate, 0.002; barium 
oxide, 0.00065. 

Occasionally it is necessary to separate a 
gas or gases from other gases as in the case 
of the analysis of flu^ gases and fuel gases 
and the removal of carbon dioxide from air. 
This is accomplished by the passage of 
measured quantities of the gaseous mixture 



Fig. 198. Heinpel gas- 
absorption pipette. 


through appropriate solutions or solids in gas absorption bulbs, 


bottles, or vessels (Fig. 198). 
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SEPARATION OF SOLIDS FROM SOLIDS 


This section deals with the separation of solids as such and does 
not refer to separations by which one solid may be separated from 
another by the use of appropriate solvents (see Chap. 12). 

The simplest process of this nature is garbling, which is the separa¬ 
tion of impurities, decayed matter, and adulterations from crude 
drugs after drying, from fresh herbs, etc. It is accomplished prin¬ 
cipally by hand. 



Fig. 199. Sieves. 


Other means of separation for laboratory and commercial opera¬ 
tions include blowing and fanning. Light particles are thus removed 
from heavier particles, as in the cleaning of seeds and grains in order 
to remove weed seeds, chaff, etc. 

Sifting (sieving, or screening) is the most important means of 
separating solids from each other. It is primarily a process of sep¬ 
arating coarse particles from liner ones, particularly powdered sub¬ 
stances. It is accomplished chiefly by the use of sieves, or screens, 
and boiling cloth. Its objects are at least twofold, (1) to grade chem¬ 
icals and solid preparations and drugs that are uniform in composi¬ 
tion into various degrees of comminution (fineness) and (2) to mix 
powders that do not readily mix by other methods or to distribute a 
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small amount of an active or potent substance throughout a large 
quantity of a diluent. 

Sieves may be of various shapes—round, oval, square, rectangular, 
or in the form of a scoop. High-grade sieves are numbered accord¬ 
ing to the number of wires per linear inch. For example, a No. 10 
sieve has 10 parallel wires per linear inch, with openings of less than 




0.01, or Koo» sq- for Ihe particles to pass through; a No. 20 sieve 
has 20 wires per linear inch and openings of less than 0.0025, or 
Koo» sq. in. and is therefore four times as fine as the No. 10 sieve. 
Sieves are made of brass or bronzed wire, iron or tinned iron wire, 
hair, cane, or cloth (Fig. 199). Those above a No. 120 mesh are 
usually made of bolting silk, which is a high-grade silk made of 
strongly twisted threads so that an even mesh is secured, with no 
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tendency for surface fiber to flake off when in contact with prepara¬ 
tions (Fig. 200). 


Table 27. Nominal Dimensions of Standard Sieves 


Microns 

Number 

Sieve 

open¬ 

ing, 

mm. 

Permissible 
variation in 
average 
opening, 
per cent 

Permissible 
variation in 
maximum 
opening, 
per cent 

Wire 

diameter, 

1 mm. 

1 

9520 

2 

9.52 

1 ±3 

+ r> 

2.11 to 2.59 

4760 

4 

4.76 

±3 

-hio 

1.14 to 1.68 

2380 

8 

2.38 

±3 

+ 10 

0.74 to 1.10 

2000 

10 

2.00 

±3 

+10 

1 0.68 to 1.00 

840 

20 

0.81 

±5 

+ 15 

0 38 to 0.55 

590 

30 

0.59 

±.> 

+ 15 

0.29 to 0.42 

420 

40 

0.42 

±5 

+25 

0.23 to 0.33 

297 

50 

0.297 

±5 

+ 25 

0.170 to 0.253 

250 

60 

0.250 

±5 

+25 

0.149 to 0.220 

210 

70 

0.210 

±5 

+25 

0.130 to 0.187 

177 

80 

0.177 

±6 

+40 

0.114 to 0.154 

149 

100 

0.U9 

±6 

1 +40 

0.096 to 0.125 

125 

120 

i 0.125 

±6 

1 +40 

0.079 to 0.103 

74 

200 

0.074 

±7 

+ 60 

0.045 to 0.061 


The Bureau of Standards has established standard specifications 
for sieves, which, however, differ from those prevalent in Europe and 
elsewhere. 

On the basis of these specifications the Pharmacopoeia (pages 
651 to 654) has established standards for the uniformity of fineness 
for vegetable or animal drugs. 

A very coarse power (No. 8) is one of which all the particles will 
pass through a No. 8 standard-mesh sieve and not more than 20 per 
cent through a No. 60 standard-mesh sieve. 

A coarse powder (No. 20) is one of which all the particles will pass 
through a No. 20 standard-mesh sieve and not more than 40 per cent 
through a No. 60 sieve. In the case of chemicals, not more than 
60 per cent will pass through a No. 40 sieve. 

A moderately coarse powder (No. 40) is one of which all the particles 
will pass through a No. 40 standard-mesh sieve and not more than 
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40 per cent through a No. 80 sieve. In the case of chemicals, not 
more than 60 per cent will pass through a No. 60 sieve. 

A fine powder (No. 60) is one of which all the particles will pass 
through a No. 60 standard-mesh sieve and not more than 40 per cent 
through a No. 100 sieve. In the case of chemicals, a fine powder 
(No. 80) is one of which all the particles will pass through a No. 80 
sieve. 



Fig, 201. Sieve shaking apparatus. 


A very fine powder (No. 80) is one of which all the particles will 
pass through a No. 80 sieve. In the case of chemicals, all the parti¬ 
cles will pass through a No. 120 sieve. 

A detailed procedure is also outlined in the Pharmacopoeia fpage 
651) for determining the uniformity of fineness. 

In simple bolting, the mixture is placed in a bag of smooth, thick, 
uniformly woven linen or silk. After being tied, the bag is shaken 
continuously in a well-closed metal vessel, and by beating the bag on 
the walls of the vessel the finest particles are made to pass through. 

For quantity production the sifting of powders is accomplished 
by machines of various styles and designs. These are usually com¬ 
bination mixer-sifters and may be operated by hand or by power 
machinery. The sieves arc usually in the form of cylinders that 
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rotate about their axes, or they may be rectangular or circular 
screens that vibrate (Fig. 201). 

Certain rules should be observed to carry out the process of sift¬ 
ing eflBciently and to keep the sieves, which are relatively expensive, 
in good condition: 

1. The material subjected to sifting should not be added in great 
quantity at one time, for this does not permit proper movement of 
the particles over the openings or their passage through them. This 
is especially true of the finer powders. Powdered materials may be 
transferred by use of a spatula or directly from a bottle or a sheet of 
paper. 

2. After adding material to the sieve provided with a bottom, 
close tightly to avoid loss during the process. 

3. Shake the sieve with a circular horizontal movement; then 
alternate with a vertical motion, accompanied by a vigorous tapping 
on the palm of the hand or on a hard surface, with as little disturb¬ 
ance as possible. If the sieve is a coarse one the solid particles may 
be brushed through with a brush. Care must be observed in brush¬ 
ing a fine sieve, since the wire has a cutting or shearing action on the 
Ijfistles of the brush. 

4. Do not force the particles through the openings. This treat¬ 
ment permanently injures the sieve, since the force used pushes the 
wires apart irregularly and permits the passage of larger particles 
than indicated by the sieve size. 

5. A sieve should be carefully cleaned after each operation. 
This may be accomplished with a special soft sieve brush, by blow¬ 
ing air through the openings, or by washing with water or some 
other suitable solvent, followed by drying in air or in a drying oven 
at moderate heat. The sieve should then be stored in a dust-free 
place. 

6. Very fine and fluffy substances such as magnesium oxide and 
magnesium carbonate can be bolted more effectively than they can 
be sieved. 

7. In sifting it is essential that all the solid particles shall be 
passed through the sieve unless otherwise directed. This is impera¬ 
tive in the case of vegetable drugs. Upon grinding such a drug the 
sizes of particles vary depending on the nature of the texture of the 
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plant tissue. Also, medicinal principles, as a rule, are not distrib¬ 
uted uniformly throughout the plant parts. For example, the glu- 
cosides of digitalis occur primarily in the veins (hard tissue), whereas 
the alkaloids of ipecac are found in the soft tissue of the roots. Thus 
in powdering and subsequent sifting of digitalis, the powder obtained 
will be deficient in glucosides unless all the portions that at first fail 
to pass through the sieve are further triturated and finally sifted 
through. In the case of ipecac root the powder procured will be 
high in alkaloids, since the harder portions of the root, which are 
deficient in these substances, remain on the sieve; in order to attain 
a powder of proper pharmacopoeial alkaloidal strength, all the drug 
should be powdered and sifted. A powdered drug should never be 
separated into fine and coarse p<3rtions. 

8. Sifting may be hastened by first passing the powder through 
a sieve of large mesh if the powdered substance consists of a single 
substance. 

9. In using sieves for mixtures the powders should be passed 
through the sieve two or three times. The resulting mixture should 
flatten out smoothly and be free from grains or streaks. All the 
powder should be thoroughly mixed again after sifting. 

10. For sifting highly perfumed and flavored powders (tooth 
pastes, face powders, sachets), capsicum, cantharides, etc., separate 
sieves should be used. It is exceedingly difficult to remove all 
traces of odors in cleaning, and these might be transferred if the 
same sieves are used for other powders. 

In a sieving analysis a number of variable factors influence the 
process. These have been shown to be the personal factors, the 
nature of the powder, the weight of the powder, variations in sieve 
aperture, and particularly the time clernents.^’^ 

Sifting operations are especially important in dispensing solids in 
powdered and divided forms, in the manufacture of toilet and cos¬ 
metic preparations, and in the production of flavors, various food 
products, soap powders, cleaners, starches, bluings, snuffs, dips, 
metal polishes, disinfectants, and insecticides. 

»C. K. Wentworth. Am. J. Sci 13, 399-408 (1927). 

»H. Hey wood. J. ImL Fuel 3, 428-432 (1930); Chem. Abstracis 1714 
(1931). 
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Elulrialion (Latin elulriaius, past participle of elutriare, to wash out) is the 
separation of coarse particles from fine ones; it dej)end8 on a difference in 
the mass of the coarse and fine particles. Those with the larger mass will 
settle more quickly than those with the smaller mass. As they approach 
varying degrees of the colloidal state the particles will tend to stay in suspension. 
The rate of settling follows Stokes* law, = 2gr*/9q, where g is the gravitational 
constant, q is the viscosity of the liquid, v is the velocity of settling, and r is 
the radius of one of the particles, v may be ascertained by the formula v * d/t, 
where d is the distance through which a parlicle falls during time /, the centi¬ 
meter and the second f)eing used, respec’tively, as units of distance and time; 
and where r is known, the volume v may be calculated. 

The process is generally applied to inorganic substances heavier than and 
insoluble in water and is used chiefly to separate particles in a paste prepared 
by levigaiion (Latin levigatio, a smoothing). The paste is mixed with a large 
amount of water and the mixture allowed to stand. Fine partkdes are separated 
from the larger and heavier particles that have already settled out; the fine 
particles in the upper layer are then allowed to settle. In the laboratory any 
suitable vessel may be used; for industrial operations elntriaiion tanks are 
employed. Substances prepared by this process are Prepared Chalk U.S.P. 
XIII, Calamine U.S.P. XIII, Bismuth Subnitrate N.F. VIII, and similar 
inorganic compounds. 

Solids may also be separated from each other by putting the mix¬ 
ture in a dense liquid. The light particles will then float and the 
others will sink. 

STUDY QUESTIONS 

1. A hydraulic press has two pistons with cross sections of 16 and 
96 sq. in., respectively. The small piston is operated with a lever of the 
first class with arms of 60 and 12 in. What pressure can be developed if a 
force of 120 lb. is applied at the longer lever arm? 

2. Explain the principle of the filter press. 

3. Four liters of Magnesia Magma U.S.P. XIII containing 12 per 
cent sodium sulfate as an impurity is subjected to the following lotions 
and decantations: (a) 3 L. of the clear liquid is first siphoned off; (6) the 
volume is again brought to 4 L. with water, stirred, and allowed to settle, 
and 3 L. is again siphoned off; (r) and (d) step b is repeated two more times. 
Calculate the amount of impurity in percentage and weight remaining in 
the magma after each decantation. 

4* If a precipitate is washed by decantation three times and each time 
one-tenth of the wash liquid remains behind, how many more times efiS- 
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cient is this procedure than if five-tenths of the wash liquid is allowed to 
remain behind? 

5. A precipitate of ferrous carbonate is prepared by the reaction 
FeS 04 K 2 CO 3 = K- 2 S 04 -|- FeCOa, and the potassium sulfate (10 per 
cent) is washed from the precipitate in a 5-gal. vessel by decanting 4 gal. 
of the wash liquid each time. What percentage of impurity remains after 
the first, second, third, and fourth washings 

6 . Explain the principle (a) of the siphon, ( 6 ) of the filter pump. 

7 . W hy is hot filtration employed ? 

8 . State five rules for filtration and give three ways by which the 
process is accelerated. 

9. Name the apparatus necessjiry to carry on suction filtration. 

10 . List the methods that have been recommended to facilitate filtration. 

11 . W hy are some solutions decolorized and others not when treated with 
a decolorizing agent? 

12. Name the types of apparatus used to separate liquids from licjuids. 

13. What is meant by the mesh, or number, of a sieve, or screen? 

11 . IIow does a No. 10 sieve differ from a No. 60 in the area or size of 
the openings? 

15. Explain why it is imperative that all of a pow dered drug being graded 
to a definite size shall be passed completely through a sieve. 

16. Explain how one should obtain 20 Gm. of a powdered drug in No. 80 
powder according to the methods for determining the uniformity of powders 
as given in Pharmacopoeia All I. 

17. What law is in effect in elutriation? 

18. Define (a) elutriation, ( 6 ) decantation, (c) garbling, (d) levigation, 
and (e) colature. 
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Chapter 19 

THE STORAGE AND PRESERVATION 
OF DRUGS 

To the layman the problem of sJoiuig and preserving drugs is 
likely to appear a simple one. Storage is regarded as a matter 
merely of placing drugs in containers and stacking these out of the 
way on convenient shelves. Preservation resolves itself into a mat¬ 
ter of substantial packaging; loss through spilling, leaking, or evap¬ 
oration being the only dilliculty that is recognized. Little or no 
thought is given to the fact that the methods used to store and to 
preserve drugs frequently have a great influence on their potency as 
therapeutic agents and that there are many ways of correctly solv¬ 
ing the problems of storage and preservation. 

A large percentage of the medicines on the market today require 
special care in their storage and preservation in order to maintain 
their original therapeutic value. 

Manufacturers are seemingly more conscious of this need than 
retailers, who frequently neglect the former’s directions for storage 
and preservation. Pc'rhaps the reason lies in pressure on the manu¬ 
facturer from the Food and Drug Administration. This organiza¬ 
tion, charged with maintaining therapeutic strengths of all medi¬ 
cines in interstate commerce, makes research in the field mandatory. 
The retailer does not feel quite so responsible, so he turns his atten¬ 
tion to other problems. 

The purpose of this chapter is to demonstrate by illustration the 
need for C6u*e in the keeping of drugs and to describe in a broad way 
some of the methods available both to the manufacturer and to the 
retail pharmacist for satisfactorily achieving this objective. 

It will aid our study if from the beginning some of the many 
factors that influence or affect the deterioration of drugs are known. 
Some are well known and understood; others are recognized, but 
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their operation is as yet not clear. Sometimes deterioration takes 
place without the cause being identified. The more common factors 
known to be important in lowering the original potency or value of 
drugs are moisture^ light, temperature, air, age, chemicals in contact 
with the drug either as part of a formula or as impurities, insects or 
small animal life, and fungus or other plant growths. The volatility of 
the active ingredient of the drug is often important in deterioration. 

Which of these or any other factors are important in the destruc¬ 
tion of a given drug must be determined by research. This is 
usually conducted by placing the drug under the influence of a 
variety of controlled conditions involving the effect of one or more 
of the possible deterioration factors. The degree of deterioration, 
which is a direct measure of the significance of any of the factoi-s as 
a destructive force, is determined by various analytical procedures. 
Guarding against these factors of deterioration may be a physical or 
a chemical problem or both. 

Moisture. Moisture is a major cause of deterioration in medi¬ 
cines. This is particularly true in the storage and preservation of 
dry powders. Deliquescent substances such as zinc chloride must 
be protected from moisture or they will lump up in moist masses or, 
in extreme cases, will become liquid. Deliquescent chemicals 
thoughtlessly packaged in paper containers by manufacturers and 
wholesalers for distribution to retail pharmacists sometimes arrive 
at their destination so spoiled by moisture absorbed through the 
container as to be useless. 

Alteration of the physical appearance of a drug is not the only 
disagreeable consequence of moisture absorption. Ephedrine must 
be stored so that it will be free from contact with moisture, otherwise 
its solutions in oil will be turbid instead of clear, as they should be. 
Moisture accelerates the decomposition of dry digitalis preparations, 
and so the Pharmacopoeia directs that digitalis should be preserved 
under all conditions of storage and transportation in such a way 
that no more than the specified moisture content will be present. 
The National Formulary directs that Ergot be preserved in a dry 
place under all conditions of storage and transportation. It goes 
even further in the monograph for Prepared Ergot by stating that 
a “suitable cartridge containing a non-liquifying inert dehydrat- 
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ing substance may be inserted in the container to maintain low 
humidity/’ 

Light. Light, particularly direct sunlight, destroys the activity 
of many drugs. An understanding of how radiant energy functions 
as a destructive agent requires some knowledge of the quantum 
theory as presented in a courses in physics. Susceptible drugs are 
decomposed by light. Sometimes this action is rapid; but in the 
majority of cases it is slow and at first unnoticed, for example, the 
Pharmacopoeia says of Bismuth Subcarbonate, “it is slowly affected 
by light,” and of Ephedrine, “it gradually decomposes on exposure 
to light.” The alert pharmacist can check on the action of light on 
his chemicals by watching for color changes in those exposed to its 
influence. Tannic acid will darken perceptibly, and so will the 
bismuth salts, Aminopyrine and quinine compounds, which are 
pure white, will become brown. White calomel will turn grayish 
black. The change of color in calomel indicates the gradual forma¬ 
tion of free mercury and mercuric chloride, both of w hich are toxic. 
Amber bottles seem to be the most satisfactory containers for use in 
preventing such changes as light brings about. Some manufac¬ 
turers package some of their light-susceptible chemicals, e,g., man- 
delic acid, in black lacquered bottles, which are impervious to light. 

Temperature.^ The damaging effect of temperature, even that 
of the ordinary room, on pharmaceuticals is well illustrated in the 
case of certain biological drugs. It is important that in storing and 
preserving such drugs their temperatures shall be kept very low. 
The Pharmacopoeia requires that most of its biological preparations 
shall be preserved at temperatures between 2 and 10®C., preferably 
at the lower limit. It is recommended that Smallpox Vaccine shall 
be stored at temperatures below 0°C., for it loses potency rapidly 
even at a moderately higher temperature. Many pharmacists now 
have refrigerators in which they store nothing but medicines that 
are affected drastically by heat. Here are stored, in addition to the 
biologicals, such drugs as the antibiotics, ethyl nitrite concentrate 
for making the spirit, and insulin preparations. Manufacturers 
usually place instructions for refrigeration on the labels of drugs 
needing this protection. 

^ Refer to p. 524, Chap. 10. 
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A number of the dermatological preparations such as ointments 
made with low-melting fats must be protected against the high sum¬ 
mer temperatures prevalent in some parts of the Lnited States. 
Upon melting, the ingredients of many of these preparations separ¬ 
ate. Not only is the esthetic appearance of the substance spoiled, 
but frequently its therapeutic efliciency is impaired. The Pharma¬ 
copoeia permits the addition of high-rnelting waxes to such prepara¬ 
tions as a means of preserviiig th(‘rn. Conversely, there are the 
drugs that freeze or congeal if not properly stored during the cold 
winters of the northern regions. Manufacturers of such substances 
frequently ask their customers to anticipate their needs and buy 
early so that the items can be shipped before the cold weather sets 
in. Some oils such as anise or sassafras will congeal on the pharma¬ 
cist’s shelf during cold nights. When this happens, the Pharma¬ 
copoeia directs that the oil shall be carefully warmed at a low tem¬ 
perature until it is liquefied and thoroughly mixed before dispensing. 

Both the Pharmacopoeia and the National Formulary set up the 
following definitions relative to temperatures: 

Cold place. A cold place shall Ihj a place having a temperature not 
exceeding 15° (59°F.), 

Refrigerator. When a refrigerator is specified, a temperature between 
2 and 15° (36 and 59°F.) is indicate<l. 

Excessive heat or excessive temperature. W hen the terms excessive heat 
or excessive temperature are used, a temperature which exceeds 19° (120°F.) 
is indicated. 

Air. Air creates a problem in the storage and preservation of 
drugs largely because of the oxygen it contains. Air-borne moisture 
and carbon dioxide are also significant factors, as are certain other 
substances that occasionally contaminate the mixture. Arsphena- 
mine is an example of a widely used therapeutic agent that is suscep¬ 
tible to the action of air. This light-yellow powder quickly becomes 
darker and more toxic because of oxidation upon exposure to air. 
The Pharmacopoeia recognizes the situation by requiring manu- 
fa(:turers to store the chemical in sealed colorless glass containers 
from which the air has been excluded either by displacement with a 
nonoxidizing gas like nitrogen or by the production of a vacuum. 
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Arsphenamine is typical of drugs so unstable that they must be 
protected against the influence of several destructive factors. It 
must also be kept away from moisture and excessive heat. Drugs 
like Chloral Hydrate slowly volatilize when exposed to air. Others 
like Calcium Lactate, Caffeine, and Codeine Sulfate lose water of 
hydration and effloresce. Some will darken on exposure to air but 
do so without loss of potency or increase in toxicity. Bismuth 
Potassium Tartrate, Cresol, and Oil of Cinnamon are examples. 

Tincture of Kino N.F. VIII must be stored or preserved in small, 
tightly stoppered, completely filled bottles. Air will also cause 
fixed oils to turn rancid. Fats and oils, unless they have been pro¬ 
tected by the addition of preservatives such as benzoin in benzoin- 
ated lard, rapidly turn rancid because of oxidation. In the process 
of rancidification certain “fatty” acids of disagreeable odor and 
taste are formed. One of these, butyric ac id, is largely responsible 
for the unsavory condition of rancid butter. Since rancid cod-liver 
oil is neither an appetizing vehicle nor chemically beneficial to the 
vitamins it contains, the Pharmacopoeia permits the storage of the 
fresh oil in vacuum-packed containers or in the presence of an inert 
gas. If ferrous sulfate is not stored so that it is protected from 
contact with air, several changes may take place. The salt will 
effloresce in dry air, but on exposure to moist air the crystals oxidize 
and become coated with a brownish-yellow basic ferric sulfate. The 
Pharmacopoeia states that when this happens the salt must not be 
used for any medicinal or official purpose. Diphenylhydantoin 
Sodium is somewhat hygroscopic and on exposure to air gradually 
absorbs carbon dioxide witli the liberation of phenylhydantoin. 

Solution of Lead Subacelate N.F. VIII is extremely sensitive to the 
air-borne carbon dioxide, which reacts and causes a white precipitate 
of lead carbonate to appear in the solution. The National Formu¬ 
lary therefore directs that the solution should be stored in small, 
well-filled, tight containers. Air also reacts unfavorably on many 
of the glandular products such as. thyroid, causing such destructive 
processes as decay, putrefaction, and mold growth. 

Age. Drugs like arsphenamine, neoarsphenamine, solutions of 
procaine, many tinctures, and fluidextracts deteriorate wHh age 
despite any preventive measures used in their storage and preserva- 
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tion. This deterioration factor is so important for many drugs that 
their makers either voluntarily or at the request of the government 
place expiration dates on the labels. The substances hre not to 
be used after the expiration dates because of possible impaired 
potency. Biologicals and antibiotics are outstanding examples of 
this type of drug. 

Chemicals. Chemicals in contact with the drug either as a 
part of the formula or as impurities can make its preservation a 
difficult problem. This is especially true in the case of unwanted 
impurities that appear either because of contaminated raw materials 
or because of faulty methods of manufacture. The extemporaneous 
preparation of certain official ointments furnishes examples in which 
faulty technique can introduce impurities that make it impossible to 
preserve the preparation. Iodine Ointment N.F. VIII during its 
manufacture or storage must not come in contact with metallic 
utensils or containers. This also holds true for Yellow Mercuric 
Oxide Ointment U.S.P. XIII, except that tin or tin-coated mate¬ 
rials may be used. Iron utensils or containers must not be used in 
the manufacture or storage of Tannic Acid Ointment U.S.P. 
XIII. 

Insects or Small Animal Life. Vegetable and animal drugs in 
their crude and even in certain of their processed forms are subject 
to many types of insect infestation and ravages by small animal life. 
Dealers in these important substances have a serious problem in 
preserving their stocks. For drugs of this kind to be “official’* 
they must be substantially free from insects or other animal life, 
extraneous animal material such as hairs, or animal excreta. In 
order to protect them from the ravages of insects the Pharmaco¬ 
poeia and the National Formulary direct that in special cases they 
shall be preserved in suitable containers into which is introduced at 
intervals a sufficient quantity of chloroform, carbon tetrachloride, 
or some other suitable fumigant. Other methods for combating 
these pests are described in books dealing with pharmacognosy. 

Fungus or Other Plant Growths. Plant growths of one kind 
or another are not uncommon in syrups, in preparations of some 
organic drugs that are not carbohydrate in character, and on certain 
plant and animal extracts. These contaminants also appear in the 
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most unexpected places. There is a mold that grows on solutions of 
arsenic trioxide, which are supposed to be good preservatives and 
therefore inimical to the growth of unwanted plant life. Steriliza¬ 
tion and storage in airtight containers constitute one of the better 
ways to preserve drugs subject to this type of deterioration. The 
Pharmacopoeia recognizes the problem in its monograph on Muci¬ 
lage of Acacia, where it states that the mucilage must not be dis¬ 
pensed if it has become sour or moldy. 

Preservative chemicals can often be incorporated into the prepara¬ 
tions that are apt to develop molds and bacterial growths. Muci¬ 
lage of Acacia U.S.P. XIII is preserved with 0.2 per cent of benzoic 
acid, and Syrup of Acacia N.F. VIII is protected with 0.1 per cent 
sodium benzoate. Methyl and propyl p-hydroxybenzoates, sold as 
such and also under trade names such as Tegosept M (methyl 
p-hydroxybenzoate) and Tegosept P (propyl p-hydroxybenzoate), 
are good preservatives. A quaternary ammonium derivative of the 
pyridine betaine type (Emulsept 607 M) is being used. Many 
similar products are sold under such names as Moldex, Moldine, and 
Rancidex. Usually O.l to 0.2 per cent of preservative is all that is 
required to protect either cosmetics or pharmaceuticals from molds, 
fungi, or bacterial growths. 

Permission is granted by the Pharmacopoeia and National Formu¬ 
lary to preserve solutions of organic substances intended for paren¬ 
teral administration or topical application, as well as ampuls, by 
adding, unless otherwise directed in the monograph, not more than 
0.5 per cent of Chlorobutanol, Cresol, Phenol, sulfur dioxide, Sodium 
Bisulfite, or other suitable preservative. The presence and propor¬ 
tion of the preservative must be plainly stated. Any subst^mee 
used must be nontoxic and harmless and not interfere with the 
therapeutic effectiveness of the medicine. 

Volatility. The vapor pressure of a drug, w^hich is a measure of 
its volatility, is often a factor in its storage and preservation. Loss 
of potency need not be guarded against when a pure substance such 
as camphor volatilizes; the loss here is purely economic, for that 
which remains is still pure camphor, with all its therapeutic powers 
retained. However, if the active constituent of a mixture vaporizes, 
a loss in potency usually results. Containers for storage must be 
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designed to prevent this. Liniments and waters arc examples of 
this volatile class of preparation. 

Loss through evaporation is not the only problem in the storage 
of highly volatile liquids. Vapor pressure developed within the 
container as the material becomes warm can result in explosions. 
For that reason Ether U.S.P. XIII is stored in partly filled con¬ 
tainers. The free area above the surface of the ether acts as a 
safety valve for accumulated pressure. 

Chemical Stabilizers. Many drugs are preserved by the addi¬ 
tion of small quantities of some chemical that functions as a stabi¬ 
lizer against deterioration. Investigation has shown that certain 
solutions are more stable, i.c., they maintain their potency much 
longer, if they are kept at a certain degree of acidity. Manufac¬ 
turers adjust the hydrogen-ion concentration to produce the opti¬ 
mum acidity or alkalinity and then add buffering chemicals to 
maintain it; the result is a much more permanent solution. Decom¬ 
position is also prevented by the addition of a negative catalyst. 
The decomposition of solution of hydrogen peroxide is retarded in 
this way. Traces of acetanilid or acetoplienetidin in the solution 
function here as the retarding catalyst. In this instance, while the 
Pharmacopoeia makes it permissible to add a preservative, it sets 
an upper limit on the amount (see Limit of Preservative in the 
monograph on Hydrogen Peroxide Solution) in order to protect the 
consumer. Another example of the stabilizing effect of an added 
chemical is the protective action of sucrose on ferrous salts. Sucrose 
is used to protect the ferrous carbonate in Mass of Ferrous Car¬ 
bonate N.F. VIII and the ferrous iodide in Syrup of Ferrous Iodide 
N.F. VIII against oxidation. 

Containers. Glass, so often called the ideal container material, 
is responsible for certain difficulties in the storage and preservation 
oi solutions susceptible to decomposition because of contact with 
alkaline materials. Soft glass, rather than hard glass, is usually the 
offender, being slightly soluble in many fluids. This is sometimes 
suiBcient to alter the reaction of the solution by increasing its alka¬ 
linity. If the therapeutic efficiency is altered by the change 
in reaction, the solution should be stored in a more resistant 
glass. 
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Both the Pharmacopoeia^ and the National Formulary^ consider 
glass containers for injections suflTiciently important to devote sev¬ 
eral pages to specifications for them. Four types are allowed, and 
they are to be “so constructed and packaged that the quality and 
sterility of the contents are not impaired.” 

In addition to the several pages on the character of glass con¬ 
tainers for injection, the official references furnish a list of instruc- 
ions pertinent to all containers. These are as follows: 

The container is the device which holds the drug and which is or may be 
in direct contact with the drug. The closure of the container is a part of 
the container. 

The container shall not interact physically or chemically with the drug 
which it is holding so as to alter the strength, quality, or purity of the drug 
beyond the official requirements. 

A well-closed container shall protect the contents from extraneous solids 
or from loss of the drug under the ordinary or customary conditions of 
handling, shipment, storage, or sale. 

A tight container shall protect the contents from contamination by 
extraneous solids or moisture, from loss of the drug, and from efflorescence, 
deliquescence, or evaporation under the ordinary or customary conditions 
of handling, shipment, storage, or sale, and shall be capable of tight 
reclosure. 

A hermetic container shall be impervious to air or any other gas under the 
ordinary or customary conditions of handling, shipment, storage, or sale. 

A light-resistant container is a container which is opaque, or designed to 
prevent photo-chemical deterioration of the contents beyond the official 
limits of strength, quality, or purity, under the ordinary or customary 
conditions of handling, shipment, storage, or sale. 

Unless otherwise directed, a light-resistant container shall be composed 
of a substance which in a thickness of 2 mm. shall not transmit more than 
10 per cent of the incident radiation of any wave length between 2900 and 
4500 Angstroms. (U.S.P. page 634 and N.F. page 703.) 

If the walls of a container are less than 2 mm. in thickness, the same 
10 per cent limit of light transmission shall apply. 

If the container is not light-resistant, it must be provided with an opaque 
covering, be enclosed in an optique covering or in an opaque container. 

' Pharmacopoeia of the United States, XIII, pp. 630j(f. 

* National Formulary VIII, pp. 699 ef seq. 
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Products packaged in collapsible metal tubes, such as sbstving 
croBinSf tooth pastes, and ointments, present a problem* Chemicals 
that react with the material of the tube are sometimes part of the 
formulas of the contained substances. Corrosion and leakage are 
the principal visible evidence of such reactions. Tube manufac¬ 
turers are constantly endeavoring to make corrosionproof tubes. 
Tin and aluminum tubes are the most popular in use today. 

Tin containers for substances that are already moist, such as 
Hydrous Wool Fat, or which absorb moisture from the air, such as 
zinc chloride, are not always satisfactory. Such containers are 
usually made by plating a thin coating of tin on an iron base. If 
this protective tin cover is broken, rust spots make their appearance. 
The substance in the container may then become contaminated 
with iron. 

The Pharmacopoeia warns that the decomposition of Chloroa- 
zodin is accelerated by contact with metals, and the National 
Formulary calls attention to the danger of metal containers in 
storing Iodine Ointment. 

Plastic containers cause trouble with certain substances. Col¬ 
ored liquids, particularly if they contain aromatic oils, are apt to 
stain or spot the plastic material. This makes an unsightly con¬ 
tainer, although the substance is not affected. 

Oosures. The closures for bottles and jars should always be 
selected with a view to the possible reactions between them and the 
contents of the package. Cork closures, for example, are obviously 
not suitable as stoppers for bottles containing tincture of iodine or 
corrosive acids; instead, ground-glass stoppers are clearly indicated. 
In the case of the tincture, rubber closures are also acceptable. 
There are occasions where cork stoppers covered with paraffin or tin 
foil are satisfactory substitutes. The Pharmacopoeia gives direc¬ 
tions for tbe preservation of Chloroform in bottles closed with cork 
stoppers, provided that these are covered with tin foil or other suit¬ 
able material. Bottles holding the solutions of hydrogen peroxide 
may be closed with cork stoppers that are coated with paraffin. 
Similar stoppers are also satisfactory for bottles containing sodium 
or potassium hydroxides. 

Plastic closures frequently have either an inner waxed*paper 
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lining or one of foil. Many substances soften, corrode, or discolor 
them. The lacquered tops of jars for ointments or creams are often 
marred because the material enclosed eats away the lacquer. Some 
fatty substances that are perfectly harmless to the skin are particu¬ 
larly active in this respect. 

Fire, A most important factor in the problem of the storage and 
preservation of some drugs is fire. Too many pharmacists fail to 
consider its significance. Yet the Pharmacopoeia and the National 
Formulary call attention to the hazard a number of times and direct 
that volatile drugs whose vapors are combustible, such as acetone, 
collodion, ether, ethylene, and petroleum ether, should be stored in 
places remote from fire. 

Package Size, The Pharmacopoeia and the National Formulary 
have limited the maximum size of the package permitted for several 
official substances. This was done because of their rapid deteriora¬ 
tion and the fact that they are infrequently called for in trade. The 
substances are Apomorphine Hydrochloride, 0.35-Gm. package; 
Paraldehyde, 120-Gm. package; and Sulfurated Potash, 120-Gm. 
package. 

Sterilization, Another difficult problem facing the manufac¬ 
turer and dispenser of drugs is that of preserving certain medicinals 
in sterile form, A discussion of the techniques for accomplishing 
this belongs in works devoted specifically to the subject.^ The 
concern of the Pharmacopoeia over proper maintenance of sterility 
when it is necessary is demonstrated in the monograph for Normal 
Saline Solution. The Pharmacopoeia also states that Liver Injec¬ 
tion must be sterile and may contain not more than 0.5 per cent of 
cresol or phenol. The cresol and phenol are used as a chemi* al 
means of maintaining sterility. 

Research, In thf' past, research on the storage and preservation 
of drugs has not kept pace with other phases of pharmaceutical 
manufacture; however, future activity in the field is almost certain 
to be great. While much of the work is chemical in nature and has 
to do with the effect of chemical stabilizers as preservatives, con¬ 
siderable work is being done on protective packaging. The packag¬ 
ing of drugs and cosmetics has progressed in recent years along 

* See Chap. 12 for a more lengthy discussion of processes of sterilization. 
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several important lines. Progress has been made in increasing the 
effectiveness of the container as a preserver of its contents, all the 
factors discussed in this chapter, such as the deleterious effect of 
light and moisture, being taken into consideration. The effect of 
the appearance of the container on the consumer has been seriously 
studied; apparently some designs subconsciously impress the users 
more favorably with respect to the value of the contents. Research 
is being done in a constant effort to improve containers from the 
point of view of ease of removal of the contents, conservation of 
shelf space, and general utility. Some of the larger manufacturers 
of containers as well as pharmaceutical manufacturers maintain 
research divisions whose principal function is to study the difficult 
packaging problems of their customers. 

STUDY QUESTIONS 

1. What are some of the factors known to cause the deterioration of 
drugs? 

2. What chemical is used to preserve solution of hydrogen peroxide? 

3. Why are many biological drugs stored in a refrigerator? 

4. Wliy must ephedrine be stored so that it will be protected from 
moisture? 

5. Why do certain ointments present a storage problem in summer? 

6. Explain how vapor pressure can become an important factor in 
storage. 

Under what conditions are tin containers unsuited for drugs? 
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Chapter 20 


THE NATURAL PRODUCTS USED 
IN PHARMACY 

It behooves the pharmacist to be as careful as passible about the 
products he uses in the practice of his profession. Many of the 
laity are somewhat informed about drugs, and pharmacists cannot 
afford to know less about drugs than their customers. No pharma¬ 
cist can be familiar with all the countless numbers of drugs. But 
he must be sufficiently well informed to satisfy inquiring customers; 
otherwise he will lose their confidence. 

To be an intelligent practitioner the pharmacist must retain cer¬ 
tain facts about many items. There are countless new medicinals 
appearing upon the market almost daily, too many for anyone to 
remember them all. The general classes of natural products include 
celluloses, starches, sugars, gums, mucilages, resins, oleoresins, gum 
resins, balsams, fats, volatile oils, hydrocarbons, alcohols, organic 
acids, alkaloids, glucosides, neutra l principles, ferments, and 
enzymes. Serunjs, bacterins, vaccines, hormones, vitamins, and 
antibiotics may also be Included.^ 

Acacia is a common pharmaceutical item. It is not sufficient to 
know that it is an emulsifying agent and an adhesive; the pharma¬ 
cist should know that it is a gum and a product of exudation. He 
should also understand its general physical properties, keeping qual¬ 
ities, and uses. 

The classes of substances that have been named are, with few 
exceptions, complex compounds. They may be truly, termed nat¬ 
ural products of plants or animals, obtained, not spontaneously, but 
only after subjecting the natural product to some sort of processing. 
A good example of this is terebinthina, crude turpentine, which is 
described as a concrete oleoresin. The pine tree produces this in a 
natural way, but it is obtained usually as the result of an injury to 
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the tree. The crude turpentine exudes at the site of the injury. 
By further processing in the form of distillation the crude turpentine 
may be made to yield oil of turpentine, commonly known as turpen- 
line or iurps, and resin or rosin; each of these drugs is complex and 
may be further broken down. 

While the exact chemical composition of many of these natural 
plant products remains unknown, information about them is accu¬ 
mulating. We know now that some of the old names are misno¬ 
mers, e.g., balsam of copaiba is not a balsam but an oleoresin. In the 
same way we talk about gum benzoin and gum opium^ neither of 
which is a gum. Other illustrations could be given. 

A brief study of these important classes of natural drug products 
will be made in an effort to acquaint the student with the nature and 
character of those substances which are used so often in preparing 
the official galenicals and in dispensing practice. The following 
discussion centers on the characteristics of the group under consid¬ 
eration, but some of the dispensing and manufacturing problems 
involved in the use of certain of the members in each class will also 
be pointed out. 

CELLULOSE 

Living cells are surrounded by a cell wall, from which cellulose 
may be derived. The purest form of cellulose available to us is 
the official Purified Cotton, known as absorbent cotton. 

Cotton is the hair of the seed coat of cultivated varieties of the 
cotton plant, Gossypium herbaceum. It consists of long filaments, 
each of which is a single empty cell. The mature fiber is more or 
less flattened and upon being examined under the microscope 
appears to be somewhat twisted. The microscopic characteristics 
are then, in addition to the twist, a canal, cell walls, and particles of 
dried cell content. 

The cotton fibers are removed from the seeds by the process of 
ginning. Raw cotton fibers have a thin coating of wax and oil 
rendering them impervious to water. In this condition cotton is 
nonabsorbent and floats because of the fact that the water cannot 
penetrate the cell and replace the air in the lumen. Clean nonab- 
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sorbent cotton serves very well for plugging culture flasks but is 
useless as a surgical dressing. 

Cotton is rendered absorbent by boiling in an alkaline solution 
for several hours, which saponifies the wax and fat. It is next 
washed thoroughly with water and bleached with a weak solution of 
chlorinated lime. Following this treatment it is washed with a 
diluted solution of hydrochloric acid, rinsed thoroughly in pure 
water, dried, and carded. It may lose as^much as 10 per cent in 
weight during this process. The student is referred to the Pharma¬ 
copoeia for the description^ the physical properties, and the tests for 
identity of cotton. 

Absorbent cotton, or cotton wool, is soluble in strong alkalies, 
strong sulfuric acid, and ammoniacal copper oxide solution. As a 
mechanical agent it has many uses in pharmacy for such operations 
as filtering, straining, and stoppering. It has value in surgery as a 
dressing because of its absorbent power. 

Pyroxylin, known as soluble guncotton, is obtained by treating 
cotton with a mixture of nitric and sulfuric acids. It is composed 
chiefly of cellulose tetranitrate, which is soluble in a mixture of three 
parts of ether and one part of alcohol forming collodion. It is soluble 
also in acetone and glacial acetic acid, is inflammable and explosive, 
and should be handled and stored with care. 

Cotton may be medicated by impregnating it with a solution of 
the medicinal agent, then expressing and drying it. Antiseptic 
gauzes medicated with such chemicals as boric acid, iodine, mercury 
bichloride, iodoform, and similar products are available. More 
important perhaps is the fact that cotton is used to prepare absorb¬ 
ent gauze, which may be medicated with any one of a number of 
antiseptic chemicals. Muslin, which is heavier cotton cloth than 
gauze, may be impregnated with dried calcium sulfate and used for 
bandages. 

Rayon, celanese, luslron, viscose, and other terms are names for 
ariificiai silks, which are obtained by careful chemical treatment 
from cotton and other forms of cellulose. The fact that cellulose is 
soluble in strong alkalies and ammoniacal copper oxide makes it 
possible to prepare the so-called “artificial silks.” 
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It is possible to obtain dextrin from cellulose by treating the latter 
with strong sulfuric acid. Other useful products obtained from 
cellulose by chemical treatment are paper, filter paper, parchment 
oaper, lacquers, cellophane, and film material. 

The celluloses have been classified by Onslow^ as follows: 

1. Normal celluloses. 

2. Compound celluloses. 

а, Ugnocelluloses. 

б. Pe<^totrellulos€*8. 

c. Adipo- or cutocellulos<'s. 

3. Pseudo- or reserve cellulosf‘s. 

STARCHES 

Staich is one of the most interesting and useful of all the natural 
plant products. It has no medicinal virtue but is important as a 
food. It has a few good pharmaceutical uses, but its presence in 
certain drugs is often a cause of trouble. 

Starch is manufactured in the green leaves of plants from carbon 
dioxide and water under the influence of sunlight and chlorophyll. 
Man has not been able to unravel nature’s secret in the production 
of this important economic item, which occurs chiefly in the seeds, 
roots, and rhizomes of plants. Foods such as the cereals, flour, 
potatoes, and products prepared from them are composed essentially 
of starch. Starch is insoluble in cold water, alcohol, glycerin, weak 
acids, and weak bases. When treated with boiling water, however, 
it breaks down into a gelatinous paste that is more or less soluble. 

As it is obtained from plants, starch exists in the form of granules. 
These are microscopic in size and characteristic in size and shape 
for each plant, making it possible to identify the source of the 
starch by means of the microscope. The granules of ric^ starch 
are the smallest of those of the common starches, and for this reason 
rice Starch has been used in face powders. Starch (corn starch) 
is official and is larger than rice starch. Potato-, wheat-, and tap- 
iocansitarch granules are much larger, in fact are among the largest 

* M. W. Onslow. “Practical Plant Biochemistry,” Cambridge University 
Press, London, 1929. 
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of those of the well-known starches. The granules have a very hard 
outer coat, which is ruptured by boiling or prolonged trituration. 
This fact makes it possible to prepare starch paste and glycerite of 
starch. 

Starch has a strange affinity for water. Air-dried starch contains 
about 14 per cent of water. If made anhydrous it absorbs the same 
amount of water witli the evolution of heat. In absorbing water 
the starch swells. This makes dry starch an excellent disintegrating 
agent for compressed tablets. It is used as an absorbent and dust¬ 
ing powder. Upon being heated for a period of time at about 
200°C., starch is converted into dextrin. This reaction may be 
accelerated at a lower temperature by the addition of sulfuric or 
nitric acid, the end product being dextrose. Starch may also be 
hydrolyzed to dextrin, to maltose, and, finally, to dextrose by diastase, 
the active enzyme of malt. Starch is valuable as a food because it 
can be hydrolyzed to sugar by amylolytic enzymes. 

Chemically starch is classed as being similar to cellulose, which is 
represented by the formula (C 6 nio 05 )n* Inuliri, found in Tarax¬ 
acum, and lichen in, oc('iirring in Cetraria, are closely allied to starch 
and are isomeric with it as to composition. Starch paste gives a 
blue color with iodine solution. Lichenin and inulin paste develop 
a yellow color with iodine solution. Glycogen, which is found in the 
livers of animals, is said to be a modification of starch. 

GUMS 

Gums are amorphous, transparent, or translucent plant exudates 
or, in some cases, excretory products. They are classed as carbo¬ 
hydrates and exhibit mucilaginous properties. They may be gluco- 
sidal, inasmuch as some can be hydrolyzed to sugars and acids of 
high molecular weight. Upon oxidation with nitric acid they yield 
mucic acid. By the same treatment starch yields dextrin. 

Solutions of gums are adhesive and serve as good suspending and 
emulsifying agents. They may be precipitated from aqueous solu¬ 
tions by strong alcohol and by solutions of heavy metal salts. Lead 
subacetate solution is said to be the most delicate reagent for gums. 
True gums consist largely of arabin^ or arabic acid, in combination 
with calcium, potassium, and magnesium. 
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Gum arabic, or acacia, is the raost widely used of the natural gums. 
It comes from the Mediterranean area, as do many other exudate 
drugs. Ajrabin, or arabic acid, may be hydrolyzed from mucilage 
of acacia by means of hydrochloric acid and subsequent precipitation 
with alcohol. However, it will not dissolve in water until lime 
water or some other alkaline solution has been added. 

Metarabin, or cerasin, is the insoluble portion of cherry gum. It 
exudes upon peach, plum, and cherry trees and may be prepared 
from acacia by heating the latter to 120 to 150°C. Acacia so 
treated does not dissolve in water but absorbs it and swells. 

Parabin, which is said to be isomeric with arabin, is a constituent 
of agar. It also swells in water, is soluble in dilute acids, and, in 
turn, is precipitated by alkalies. 

MUCILAGES 

It is not unusual to tliink of gums and mucilages as a general class 
of plant products. Some authorities make a distinction between 
the two in respect to their behavior toward water, (iurns are con¬ 
sidered to be soluble, while the mucilages merely swell in water. 
Acacia is an official example of a gum. In the same way tragacanth 
is a mucilage because, while it does not go into solution, it does swell 
and form a gel. Like gums, mucilages are colorless, odorless, amor¬ 
phous, and partly insoluble substances. They form sticky trans¬ 
lucent gels with water and are more soluble in alkaline solutions. 

The chief constituent of tragacanth is called bassorin, an insoluble 
pectinlike substance. The soluble portion (8 to 10 per cent) of 
tragacanth is regarded as a true gum, although it is not precipitated 
by alcohol or lead subacetate. 

Tragacanlh has long been an important constituent of hand 
lotions. Inasmuch as it is insoluble, such lotions are usually not 
clear and are often very thick. Mucilage of tragacanth (mucilago 
tragacardhae) serves as an excipient for pill and troche masses. In 
the form of a gel, tragacanth has been the chief component of sur¬ 
gical lubricating jellies. Both mucilage of acacia and mucilage of 
tragacanth are good media for the growth of molds. Benzoic acid 
in the concentration of <>f 1 per cent is permitted to be added to 
mucilages for its preservative action. This concentration is not 
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adequate for any length of time. The addition of a slight excess of 
chlproform serves the purpose of preservation satisfactorily and 
does not interfere with the pharmaceutical uses of the preparations 
in any way. 

The mucilaginous constituent of Irish moss (chondrus) is called 
carragheen, Chondrus is much more soluble in water than traga- 
canth and is not precipitated by alcohol. It serves as an emulsify¬ 
ing agent and is preferred in some instances to acacia or tragacanth. 
It forms a clear, viscid liquid when boiled in the ratio of 1 part 
to about 35 parts of water. It has some uses as a hand-lotion 
ingredient. 

AGAR 

Agar is the dried mucilaginous substance obtained from certain 
marine algae found along the tropical coast of China and the coast 
of California. It has bt^en referred to as the most powerful gelatin¬ 
izing agent. It is insoluble in cold water and soluble in boiling 
water but forms a gel upon cooling when even as dilute as 1 part in 
100. It is obtained in bundles of thin, membranous pieces or in 
granulated form. It is stable when dry but spoils readily when 
moist, serving as a medium for the growth of molds and bacteria and 
having wide use in culture media for bacteriological work. It is 
used as a laxative, being largely mechanical in action. Agar has 
some value as an emulsifying agent. 

The chief constituent of agar is gelose^ a carbohydrate that may be 
hydrolyzed to galactose. Diatoms may be found in the ash. A 
solution of agar does not form a precipitate with picric acid t^t solu¬ 
tion, a fact that distinguishes it from gelatin. 

PECTINS 

Pectins are nonnitrogeiious gumlike substances widely distributed 
in plants. Green unripe fruits contain pectose, which may be iso¬ 
meric with cellulose and gives hardness to them. The presence of 
an enzyme, peclase, aided by heat, sunlight, and organic acids, 
causes fruits to ripen. The peclose is changed to pectin, or pectosw 
acid. This type of reaction accounts for the gelatinization of certain 
fruit juices, such as cherry and raspberry, and pharmaceutical prep- 
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aratioiis of senega, taraxacum, and other root drugs. Ammonia 
water or other alkalies may be added to pharmaceuticals to prevent 
gelatinization because they form soluble compounds with pectin and 
pectosic acid. A good example is the use of ammonia water in 
fluidextract of senega. 

In preparing syrups of cherry and raspberry from the respective 
fruit juices the latter are allowed to stand for a few days to permit 
the pectinaceous bodies to be removed by fermentation. This 
clarifies the juices as described in the processes for preparing them. 

SUGARS 

Sugars, starches, gums, mucilages, and celluloses are classed as 
carbohydrates and are important to the life of plants. Sugars 
include a large class of carbohydrates described as white, odorless, 
crystalline, soluble in water, and more or less sweet to the taste. 
Dilute solutions of sugars are easily fermented. Concentrated 
solutions are stable and act as preservatives. This is illustrated in 
the official syrups, which are stable. 

Sugars are conveniently divided into two groups, viz,, monosac¬ 
charides and disaccharides, A third group of carbohydrates known 
as the polysaccharides includes the starches, gums, mucilages, and 
celluloses. These are not sweet to the taste but may be made to 
yield simple sugars by being boiled with dilute acids and by other 
means. 

The relationships of the commonly known carbohydrates may be 
clarified by the following outline. 

1. Monosaccharides (monoses). 

а, Trioses—C»H*Os, glycerose. 

б . Tetro^—C 4 HSO 4 , erylhrose. 

c. Pentoses—C^HioOft, arabinose, xylose, rhamnose. 

d. Hexoses—CeHuOft, dextrose, levulose, galactose, and others. 

2. Disaccharides (dioses). 

CitHssOii, sucrose, lactose, maltose, and others. 

Trisaccharides. . 

GisHssOis, raflinose, and others. 

4. Tetrasaccharides. 

C} 4 H 4203 i, stachyose. 
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5. Artificial sugars of these and other groups that have been synthesized. 

6. Polysaccharides (nonsugars). 

а. (CftHioOs)^, starches, dextrin, inulin, glycogen, etc. 

б. Gums, acacia, etc. 

c. Mucilages, tragacanth, etc. 

d. Pectins, pectin, etc. 

e. Celluloses, (CcHuOfi)^, cotton, etc. 


Monoftaccharides. Monosaccharides are those sugars which 
cannot be further simplified by hydrolysis. They may be regarded 
as aldehydes and ketones derived from their respective alcohols. 
They do not all contain the same number of carbon atoms. Of this 
group only the hexoses^ chiefly dextrose, are of much interest to the 
pharmacist. 

Dextrose is to be found closely associated in nature with fructose 
of fruits and in honey. It is prepared by treating corn starch with 
diluted sulfuric acid. This process changes the starch into dextrin 
and then into dextrose. The liquid portion, or syrupy glucose usu¬ 
ally contains unconverted dextrin. The solid portion, or grape 
sugar, represents complete conversion to dextrose. 

The student is referred to the Pharmacopoeia for a more complete 
description of dextrose, or d-glucose. It is used in medicine, as a 
reagent, and, sometimes as a food. Ampuls of dextrose and of dex¬ 
trose and sodium chloride are extensively used. 

Solutions of dextrose are easily fermentable. Dextrose is a reduc¬ 
ing sugar and may be determined quantitatively by boiling it with a 
volumetric alkaline solution of cupric tartrate (Benedict’s volu¬ 
metric solution). The dextrose reduces the cupric tartrate solution, 
causing it to yield greenish, yellowish, or reddish cuprous oxide, 
depending on the degree of reduction. 

Glucose, or liquid glucose, is the product of incomplete hydrolysis 
of starch. As such it is composed chiefly of dextrose, maltose, and 
dextrins in addition to water. It is a thick, syrupy liquid with a 
specific gravity of 1.54. It is miscible in all proportions with alcohol 
and water, contains reducing sugars, and has limited uses in phar¬ 
macy. For details relating to the description and tests for identity 
and purity, the reader is referred to the monograph on Liquid Glu¬ 
cose in the Pharmacopoeia. 
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Levulose, or fructose, is found in honey or in fruits, associated with 
dextrose. In the latter instance it is known as fruit sugar . It bears 
the name letmlose because it is levorotatory. It is a yellowish syrup, 
very sweet, and crystallizes with difficulty. It is described as the 
liquid portion of honey, the granular portion being dextrose. 

Honey is a mixture containing 65 to 80 per cent of the sugars 
dextrose and levulose. 20 to 30 per cent water, and 0.1 per cent 
formic acid. The latter is presumably a preservative agent that is 
driven off when the honey is heated for clarification and straining. 

Invert sugar is a term that is often given to a mixture of fructose 
and dextrose. It may be formed by the inversion of cane sugar by 
heating the latter with acids or by the action of certain ferments. 

Disaccharides. The two important official disaccharides are 
sucrose and lactose. They are each given the general formula 
C 12 H 22 O 11 because they represent chemically a combination of two 
molecules of a monosaccharide with the elimination of a molecule 
of water (2C6Hi20e—► C 12 H 22 OU + H 2 O). The disaccharide mole- 
cjule may be made to break up into two monosaccharide molecules 
by the action of heat, water, and dilute acids. 

There are other members of this group, the most important of 
which is maltose. Excepting maltose, the disaccharides cannot be 
fermented without first being inverted into one or more of the 
monosaccharides. 

Sucrose is a colorless, or white, crystalline sugar obtained from 
sugar cane or the sugar beet. It is odorless, the sweetest of all 
sugars, and stable. It is sometimes reduced to a powder, to which is 
added a small amount of starch, and is then known as confectioners* 
sugar. When made to crystallize in large prisms it is known as rock 
candy. 

In the manufacture of sugar the juices of the sugar cane and the 
sugar beet are treated with lime to neutralize the acids present and 
aid in clarifying them. The lime is removed by treatment of the 
mixture with carbon dioxide gas. The juice is concentrated under 
vacuum and then evaporated until crystallization occurs. The 
ilj^up is removed from the crystals by centrifugal machines and is 
; known as molasses. 

ff^The raw-sugar crystals are dried by this process and refined by 
d&solving them in water, followed by clarification and filtering. 
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Decolorization is effected by passing sugar solutions through bone- 
black filters. The clear solution is again concentrated under 
reduced pressure, forced to crystallize as small granules, and dried 
by centrifugal machines. The raw beet sugar is more difficult to 
refine than the cane sugar. Ultramarine blue was formerly used to 
whiten the sugar in preference to clarification by bone black. 
Syrups made from sugars that were whitened by ultramarine were 
usually slightly yellowish. 

Sucrose is soluble in about one-half its weight of water at labora¬ 
tory temperature. Syrup is a nearly saturated solution of sucrose 
at 25°C. It has a specific gravity of 1.31 and contains about 65 per 
cent of sugar by weight. 

Sugar, upon being heated to about 180°C., yields a product known 
as levulosan. Above 205®(". it forms a dark-brown, thick, bitter 
liquid of a complex nature known as caramel, which is official in the 
National Formulary and is used chiefly as a coloring agent. Diluted 
sugar solutions may be hydrolyzed to invert sugar by heating. The 
action is much more rapid in the presence of a diluted mineral acid. 
Yeast or other ferments may cause the same change. Sucrose is 
dextrorotatory, and this property is a means of determining its 
purity. 

Sugar and syrup are valuable preservatives and useful as adju¬ 
vants and sweetening agents in pharmacy. 

Lactose is “sugar of milk” and may be prepared by adding hydro¬ 
chloric acid to milk to precipitate the casein. The casein is filtered 
off and the whey treated with lime, which coagulates the albuminous 
matter. The treated liquid is then filtered through charcoal to 
clarify it and set aside to crystallize. Lactose is present to Uie 
extent of about 3 to 6 per cent in milk and, as usually obtained, 
contains one molecule of water. 

In the process of being crystallized, if the solution of lactose is 
heated to 93.5®C. the ordinary a-lactose is changed to fi-lactose. The 
latter is said to be sweeter and more acceptable pharmaceutically 
for that reason. The p form is said to be an anhydride, while the 
a form is usually a monohydrate. 

Sugar of milk is usually in the powder form and gives the sensation 
of grittiness between the teeth. It is hard and odorless, is soluble 
in about five parts of water, is dextrorotatory, and reduces Fehling^s 
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solution (sucrose will not). It may be hydrolyzed to yield dextrose 
and galactose. 

Lactose should be free from dextrose, sucrose, dextrin, and starch. 
It is important medicinally as a constituent of baby foods and 
pharmaceutically as a diluent, being harmless and nonabsorbent. 
Like sucrose it has been synthesized but is a product of the milk 
industry. Details concerning its properties and tests for purity 
may be found in the Pharmacopoeia. 

Maltose is the sugar obtained from malt. Malt is barley that has 
been moistened and put in a warm place until it begins to sprout and 
then heated sufficiently to kill the young plants. During this 
process the diastase of malt, acting upon the starch, forms maltose. 
By means of diastase, yeast, or dilute acids it is possible to split 
maltose into two molecules of dextrose. In the manufacture of mal¬ 
tose on the commercial scale, germination of the barley is allowed to 
proceed until all the starch has been converted to maltose. Dia¬ 
stase is a good example of the function of an enzyme in the germina¬ 
tion of seeds (see Malt Extract N.F. VIII). Maltose is soluble and 
strongly dextrorotatory. 

Honey is a saccharine secretion manufactured by the bee and 
deposited in the honeycomb. It is of plant origin, inasmuch as the 
bee makes it from nectars that are extracted from flowers. 

Honey is one of man’s oldest foods and medicinal products. It is 
a good vehicle for sweetening and disguising purposes. It has also 
been credited with many medicinal virtues that cannot be easily 
substantiated. Clarified honey was official in the Pharmacopoeia 
for a considerable period of time. Pure honey is now separated from 
the comb by centrifugal means and is a clear, clean, pure product. 
Honey, now official in the National Formulary, is a nearly saturated 
solution of dextrose and levulose with traces of volatile oils, cane 
sugar, dextrin, and formic acid. It keeps well unless diluted with 
water; varies in appearance from a viscid colorless to a brownish- 
yellow liquid; and is a good food. 

RESINS 

Resins are solid plant principles, amorphous, fusible, inflammable, 
and brittle. They are soluble in alcohol, ether, and chloroform; 
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some are soluble in fixed and volatile oils; and all are insoluble in 
water. They are acidic and therefore react with alkaline solutions 
to form resin soaps. Rosin is an example of a resin. The cheaper 
laundry soaps in times past often had a decided resinous odor. 

As a class of natural plant principles, it may be said that less is 
known about resinous products than almost any other group of 
substances. It is interesting that nearly all the official resins are 
constituents of compound cathartic pills. They are active in small 
doses. The cathartic activity of each resin is attributed to the pres¬ 
ence of glucosides, e,g., scammonin is the glucoside to be found in 
resin of scammony. Resin of jalap is about 90 per cent convolvulin, 
Resin of podophyllum is complex. Its cathartic action is attributed 
to podophyllotoxin, which comprises about 50 per cent of the prod¬ 
uct and is quite active as a purgative. 

Resins usually occur in plants combined in some way with fixed 
oils, volatile oils, and gums and perhaps with acids such as tannic 
acid. In composition they may be organic acid esters, compound 
ethers of certain alcohols, or possibly anhydrides. Rosin is com¬ 
posed chiefly of abietic anhydride. Certain resinous products are 
plant exudates such as myrrh and asafetida. These are examples of 
gum resins. When triturated with water, emulsions or milkiike 
products result, the albuminous matter serving as a suspending 
agent for the insoluble resinous material. Emulsion, or milk, of 
asafetida has long been known. 

Resins are secretions. Rosin, which is obtained by distillation 
from the concrete oleoresin secreted from Pinus paluslris and other 
species of pine, is a good example. Most of the official resins are 
obtained by extracting such crude drugs as scammony, iponii^ea, 
jalap, and podophyllum. In some cases resins may be produced by 
the oxidation of volatile oils. 

Resins and resinlike products are to be found widely distributed 
in the plant world, although only a few are of medicinal importance. 
In addition to the resins of the crude drugs already mentioned, there 
are others such as guaiac resin and mastic. Burgundy pitch, which 
is no longer official, is a resin prepared from certain species of the fir. 
Synthetic resins are of technical importance. 

For details concermug the origin, description, and properties of 
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ofiicidl resins the student is referred to the Pharmacopoeia, the 
National Formulary, and other sources. 

OLEORESINS 

Oleoresins are, with one exception, liquid preparations obtained 
by extracting the drugs with appropriate menstruums, usually alco¬ 
hol, ether, or acetone. Following the extraction, by the percolation 
procedure, the percolate is concentrated by distillation or evapora¬ 
tion. The oleoresins that remain are concentrated liquids with 
distinctive odor, color, and taste. 

As the name implies, oleoresins are natural mixtures of resins with 
volatile and fixed oils. They have properties common to their chief 
components, i.e., they are insoluble in water but soluble in alcohol 
and other organic solvents. Their odor is attributed to volatile oils, 
which, if removed, leave a resinlike residue. 

The exception to the general definition of oleoresins is that of 
crude turpentine (terebinthina), which is defined as a concrete oleo- 
resin. It is called white turpentine and is a secretory product 
obtained from Pinus palustris or other species of pine. It exudes 
from the injured tree as a viscid liquid, which dries upon exposure 
to a hard residue. When this is subjected to distillation the volatile 
oil of turpentine is removed and the residue is rosin^ which is men¬ 
tioned under resins. 

The official oleoresins, in addition to crude turpentine, are aspid- 
ium, capsicum, cuheh, and ginger. Others, which have been official 
in the past, are lupulin, parsley fruit, and pepper. Copaiba is official 
and is an oleoresin but is not so listed. It is referred to as balsam of 
copaiba, which is a misnomer. 

While there are no official strengths assigned to oleoresins, they 
are much stronger than the crude drugs from which they are derived. 
They are the most concentrated of our liquid pharmaceuticals. 

GUM RESINS 

Gum resins are plant exudates composed, as the name implies, of 
mixtures of gums and resins. They exist in the plant as adhesive, 
milky juices, which exude at the places where the plants are cut or 
injured. The exudate is allowed to dry spontaneously and is 
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gathered as a dry product. There is a considerable variation in the 
proportion of gum and resin in gum resins. Even different samples 
of the same gum resin vary. 

The two outstanding gum resins are myrrh and asafetida. Their 
behavior toward water has been described under Resins. The 
activity of the gum resins is attributed to their resin content. Offi¬ 
cial tinctures are prepared from myrrh and asafetida. The constit¬ 
uents of asafetida are listed as about 30 per cent gum and 63 per 
cent resin in addition to a small amount of volatile oil and other 
substances. Myrrh is composed of about 60 per cent gum, 30 per 
cent resin, and 6 to 7 pc^r cent volatile oils. Each has a character¬ 
istic odor. Other gum resins are ammoniac, galbanum, and gamboge. 

BALSAMS 

Balsams are sometimes referred to as odorous resins or oleoresins; 
the odor is attributed to the presence of cinnamic and/or benzoic 
acid or the esters of these or even both. The presence of these acids 
not only imparts odor but gives balsams their value as preservatives. 
It is for these reasons that lard is benzoinated with Siam benzoin. 

The balsams are insoluble in water but soluble in alcohol, ether, 
and chloroform. The so-called “balsamic,” or odorous, principles 
may be removed from the crude drugs by sublimation or by means 
of hot water or hot fats. Examples of resinous balsams are benzoin 
and tola. Slorax and Peruvian balsam are of the oleoresinous variety. 

Botanical origins, dcvsciiptions, physical properties, and tests for 
purity may be found in the Pharmacopoeia and National Formulary 
for those balsams which are official. 

FATS 

Fats are glycerides, or esters, of fatty acids. They are formed by 
the reaction of glycerol, a trihydric alcohol, and fatty acids. 

In pharmacy it is customary to refer to fats as fired fats and oilSj 
the fats being solid or semisolid, while the oils are liquid. Fats are 
<'hiefly of vegetable origin, altJiough a few important ones are animal 
products. 

When pure and fresh, fats are colorless, odorless, tasteless, and 
neutral in reaction. On the other hand, most fats have a charac- 
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teristic odor and color. These qualities are attributed to certain 
impurities, which become more pronounced with age. The devel¬ 
opment of odors in fats is due perhaps to oxidation of the impurities 
and some of the fat as well; in either case the odorous volatile fatty 
acids are produced, this condition being commonly known as ran- 
( idUy. Fats, in general, become rancid upon standing, especially if 
exposed to air and moisture, and may vary greatly in the degree of 
rancidity developed upon exposure. This is a characteristic quality 
of the oil. Inasmuch as rancidity is due to the presence of fatty 
acids, the fats may be made sweet again by washing with weak solu¬ 
tions of alkalies. Rancid butter may be renovated or made sweet 
again by this washing process. In the final steps of butter renova¬ 
tion, salt is worked in to rep^ce that which was removed in the 
washing. Processed, or renovated, fats are more prone to oxidation 
than the original fats. Only fats free from rancidity should be used 
in pharmacy, since the fatty acids in rancid fats might prove irritat¬ 
ing to tender skins if used in ointments and liniments. Rancidity 
may be retarded by keeping fats in a cool dry place, in well-lilled 
containers away from the light. 

Plant fats are mostly liquid, although one, oil of Iheobroma, is a 
solid at ordinary temperature. Fats and oils are insoluble in, and 
lighter than, water and are soluble in ether, chloroform, carbon 
tetrachloride, petroleum benzin, and carbon disulfide. Castor oil 
is soluble in alcohol up to an equal amount of each. All fats are 
greasy to the touch and produce a greasy stain upon paper that does 
not disappear upon standing. 

The volatile oils, which are quite different chemically, do not leave 
permanent stains when dropped upon paper and allowed to evapo¬ 
rate. Fixed fats and oils are not inflammable but will burn, by the 
aid of a wick, producing a smoky flame. The solid fats readily 
liquefy at moderate temperature, and the liquid fats under like con¬ 
ditions become more fluid. When subjected to high heat, fats 
will produce acrolein, which is acrylic aldehyde, a very irritating 
compound. 

Much attention has been given to the stabilizing of fats and oils, 
i.e.t the prevention of rancidity by chemical agents. These sub¬ 
stances are termed antioxidants, and many are phenolic in character. 
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Their use in edible oils may well be questioned. Perhaps the best 
example of this is the treatment of lard with Siam benzoin. The 
powdered benzoin is allowed to macerate in the melted fat for about 
two hours and is then removed by straining. The acids of benzoin 
serve to retard the development of rancidity and add odor to the 
lard. 

Fixed oils and fats are obtained from their natural sources by 
the following methods: (1) expression; (2) separation, in which the 
ground material is mixed with warm water and the oil floats out on 
top and is drawn off; (3) extraction, in which the oil is dissolved out 
by the proper volatile solvents and the latter are removed by distil¬ 
lation or evaporation. Crude oils so obtained are then subjected to 
processes of refining, including clarification and filtering, because 
they contain mucilaginous and albuminous impurities pressed out 
with the oil. 

Fixed oils are often bleached by treating them with such agents 
as hydrogen peroxide, chlorine, sulfurous acid, and other bleaching 
chemicals. Hydrogen peroxide is said to be the agent in greatest 
favor for this purpose. 

Animal fats are obtained by heating the fatty tissues of the 
animals, including the leaf lard of the hog, over a low flame and 
straining to remove particles of membranous tissue. This process 
is commonly referred to as rendering. 

Certain of the fixed oils, upon oxidation, thicken and finally 
solidify. If spread out in thin layers they form varnishlike thin 
coatings and are known as drying oils. Such oils are useful in paints; 
linseed oil is the one commonly used, although oils of poppyseed and 
hempseed and tung oil have this property. The other oils are nv^ i- 
drying oils. The drying or nondrying property of oils may be 
determined by their behavior with sulfuric acid; the drying oils 
always show the greatest increase in temperature when mixed in the 
proportion of 5 Gm. of oil to 1 cc. of the acid. From these prop¬ 
erties it is clear that drying and nondrying oils behave differently 
toward oxygen. This is attributed to the fact that the nondrying 
oils are saturated, while the drying oils are unsaturated. For this 
reason they react differently upon oxidation. 

Most fats and dils are composed of two or three compound esters, 
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known as olein, palmiiin, and stearin. Olein is always liquid and is 
the chief constituent of the liquid fats. Palmitin and stearin are 
solid at ordinary temperature and are to be found in the solid fats 
such as lard and tallow. These three are fatty acid esters of glyc¬ 
erin, known as glyceryl trioleate (C»H 6 (Ci 8 Ha 302 ) 3 ), glyceryl iripal- 
miiaie (CsH 6 (CieH 3 i 02 ) 8 ), and glyceryl tristearate (C 3 H 5 (Ci 8 H 3502 ) 3 ). 
Most fats are composed of mixtures of these esters and are not sim¬ 
ple chemical compounds. 

The Pharmacopoeia and the National Formulary have adopted 
four general testa for fats that depend upon their reactions with 
potassium hydroxide and iodine. These are (1) acid value, (2) 
ester value, (3) saponification value, and (4) iodine value. The 
student is referred to these texts for details. 

The common fats of animal origin are lard, suet, wool fat, and 
cod- and other fish-liver oils. Those of vegetable origin are castor, 
chaulmoogra, almond, linseed, corn, olive, peanut, sesame, theo- 
broma, cottonseed, croton, and other oils. 

WAXES 

Waxes should be discussed in connection with fats because they 
have pharmaceutical uses in common and are of a similar chemical 
structure. Fats have been defined as glyceryl esters of the higher 
fatty acids. Waxes are esters of fatty acids with high molecular- 
weight alcohols instead of glycerol. Cetyl alcohol (CieH 330 H) is 
an example. 

The official waxes include Yellow Wax, White Wax, and Sperma¬ 
ceti. Yellow wax is well known; it is a concrete substance prepared 
by the honeybee and made into the comb, in which honey is stored. 
When freed from honey, usually by centrifuging, the comb is 
washed, melted, strained, and made into small cakes. It is a yellow 
solid with a pleasant, aromatic odor. It melts at about 62®C. and 
has a specific gravity of about 0.95. Since it is official, there are 
tests for determining its identity and purity, but these need not be 
given here. 

Beeswax is composed chiefly of three substances, viz., (1) 
myricyl palmitate, (2) cerdic acid, and (3) cerolein. These three may 
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be separated from wax by proper treatment with boiling alcohol and 
cold alcohol. 

White wax is bleached by exposing it to the action of air, light, 
and moisture. The complete removal of color may require the 
process to be repeated more than once. When the bleaching is 
completed the wax is melted and cast into cakes. 

Spermaceti is a waxy substance obtained from the head of the 
sperm whale. It is composed chiefly of cetyl palmitate and is a 
translucent solid that breaks with a scaly fracture. It has a specific 
gravity of about 0.93 and melts between 40 and 50°C. It is a con¬ 
stituent of cold creams and is used as a hardening agent in ointments. 

Synthetic ceiyl alcohol is obtained from certain vegetable oils and 
has largely replaced the natural product obtained from cetaceum 
for pharmaceutical purposes. It is an important constituent of the 
so-called “water-absorbing” ointment bases. 

Other waxlike products of pharmaceutical importance and inter¬ 
est are paraffin, a mixture of solid hydrocarbons obtained from 
petroleum, and ceresin, an impure paraffin. Synthetic waxes, such 
as the “carbo-waxes,” bc^cause of their behavior toward water are 
attracting considerable attention and are coming into use in 
pharmacy. 

VOLATILE OILS 

The odors of plants are attributed to the presence of rolaiile oils, 
most of which exist as such in the plant. Others, however, result 
from fermentative action in the presence of moisture follow ing injury 
or treatment of the plant tissues, e.g., oil of wintergreen does not 
exist as such in the plant but results when the tissues are injurefl or 
bruised in some way, causing a reaction to take place between cer¬ 
tain of the constituents to form the oil. Oil of tar, on the other 
hand, is a product of destructive distillation. Most volatile oils 
exist in separate oil glands, cells, or tubes in various tissues of the 
plant, such as rinds, leaves, fruits, roots, and barks. Few' volatile 
oils are of a simple composition. They are, for the most part, mix¬ 
tures of many chemical substances, some of which are solids in solu¬ 
tion in the liquid portion. The solid portions of volatile oils are 
called siearoptent^y the liquid portions ^ing eleopUnes. Camphor, 
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menthol, and thymol are good examples of stearoptenes. They are 
obtained by chilling the respective oils to low temperatures and 
efifecting a separation of the liquid portions. 

Volatile oils are essentially hydrocarbons, chiefly terpenes associ¬ 
ated with oxides, alcohols, phenols, aldehydes, ketones, acids, and 
esters. A few of these oils contain nitrogen in the form of hydro¬ 
cyanic acid, as in the case of oil of bitter almond^ and sulfur in the 
form of a sulfide or a sulfocyanate, as in tlie case of volatile oil of 
mustard. The latter does not preexist in the plant *but is produced 
by the interaction of glucosides and ferments and is obtained subse¬ 
quently by distillation. While terpenes may comprise most of the 
volume of volatile oils, the odor, flavor, and medicinal properties of 
the oils are attributed to the nonterpene constituents. Terpeneless 
oils are those which have had their hydroc'arbon constituents 
removed. Terpeneless oil of lemon is more expensive than the 
natural oil; but since it is a highly concentrated product, much less 
is required for flavoring purposes and it does not develop the unde¬ 
sirable terebinthinate odor that the natural product does upon 
standing. 

Detailed .descriptions, physical propcirties, and tests for identity 
and purity of the official volatile oils are to be found in the Pharma¬ 
copoeia and National Formulary. Certain properties of general 
interest will be mentioned here. 

In most cases each volatile oil has a characteristic odor. Oil of 
turpentine, however, is free from odor when kept in an atmosphere 
of carbon dioxide; hence its odor develops upon exposure to air. 
Most volatile oils are lighter than water, although a few are heavier, 
oil of cloves being a good example of the latter. They are only 
slightly soluble in water, although there is considerable variability 
in this property. 

All are sufficiently soluble in water to impart an odor to it. Pure 
volatile oils are said to be colorless, but most of them exhibit color 
ranging from pale yellow to dark brown. They are all soluble in 
alcohol and the other common organic solvents. They do not leave 
permanent stains on paper as do fixed oils, nor do they become 
rancid. Upon being exposed, some of them thicken, even to the 
consistency of resins. It should be borne in mind that certain of 
the volatile oils react violently with iodine. Their reaction with 
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strong acids and strong bases varies with their composition and 
serves to identify them or to aid in isolating certain important 
constituents. 

It has been observed that the corks of certain of the bottles con¬ 
taining volatile oils become bleached. This is ascribed to the ozone 
produced by the oil. The proper storage of volatile oils is impor¬ 
tant. The containers, preferably of amber glass, should be well 
filled, tightly stoppered, and stored in a cool, dark place. 

The descriptions, physical properties, and tests for identity and 
purity in the Pharmacopoeia and the National Formulary are useful 
in identifying the oils and in detecting adulterations. Common 
adulterants are fixed oils, alcohol, cheaper grades of oil of the same 
kind, and in some instances paraffin. It should be borne in mind 
that the detection of adulterants in volatile oils is not an easy task. 

Methods of Obtaining Volatile Oils. Inasmuch as volatile 
oils are of great iinportamv to pharmacy, the ways in which they 
are obtained will now be reviewed. 

The most frequently used method is that of steam distillation of 
the fresh or partly or completely dried drug. In the case of dried 
drugs, such as cinnamon bark and cloves, enough water to cover them 
is added and th(‘y are allowed to macerate for a short period. Steam 
is then passed through them, the vapors carrying the oil over into 
the condenser. The oil separates as the distillate cools either on top 
of the water or, in the case of the heavier oils, at the bottom. The 
oily layers are then separated and purified. In the case of fresh 
herbs, such as peppermint, the crop is cut and then packed into 
large stills. Steam is forced through the green material, and the oil 
is carried over with the distillate as already described. The ope*^a- 
tion calls for a steam-distillation outfit. It is not feasible to boil the 
mixture of drugs and water; therefore it is necessary to generate the 
st-eam in a boiler attached in the correct manner to the still. 

Since oils, io some extent, are soluble in water, it is sometimes 
necessary to resort to the process of cohobaiion^ which consists in 
returning the aqueous part of the distillate repeatedly to the still for 
redistillation. This minimizes the loss of oil. 

Oirecl dUftilkUioH without the aid of water is used to obtain certain 
of the volatile oils and oleoresins. Volatile oil of turpentine and 
oopaiba are good examples of products obtained by this process. 



586 PRINCIPLES AND PROCESSES OF PHARMACY 


The residue left in the still after distilling off the oil of turpentine is 
rosin. Crude turpentine is described as a concrete oleoresin. 

Desiructive distillation is the process used to obtain the tarlike oils 
such as juniper tar (oil of cade), which is not necessarily classed as a 
volatile oil. 

The oils from the rinds of certain of the citrus fruits such as lemon, 
orange, and bergamot are obtained by expression. The oil is in the 
little oil pockets of the rind and may be released by pressure or, 
preferably, by scraping the rind to rupture the oil cells prior to 
expressing them or rubbing them against a sponge from which the 
oil may be expressed. The ecuelle method is that of rolling the 
round fruit in a bowl or trough, which is lined with innumerable 
spikes. The latter pierce the oil cells at the surface of the rind. 
The oil collects at the bottom of the apparatus. 

The volatile contents of certain flowers and plants are so small 
that it is not possible to remove them by the means already indi¬ 
cated. In such cases the odorous principles of the plant are macer¬ 
ated with inodorous bland oils or fats. The latter absorb the vola¬ 
tile principles, which may be then removed in the manufacture of 
perfumes. 

The method of enfleurage much resembles the process described 
in the preceding paragraph. In enfleurage, thin layers of inodorous 
fats are spread upon glass plates held in frames. Flowers are spread 
upon the glass and allowed to remain for several hours. A fresh 
charge of flowers may be used as often as is necessary to thoroughly 
impregnate the fat. Fats that have been so impregnated may be 
used in pomades, or the odorous principle may be removed by alco¬ 
hol. The method of enfleurage is not so important as it once was. 

In recent years low-boiling volatile solvents have been used to 
extract volatile floral principles by the percolation process. This is 
made use of by the perfume chemist. The volatile solvent may be 
removed by vacuum distillation. The residue is known as a con¬ 
crete. The odorous principles of flowers that remain in the waxUke 
concrete may be removed by alcohol. Traces of any wax may be 
removed by chilling, the remaining product being called an absoliUe. 
These are costly products but have good odor value for the perfume 
industry* 
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The synthetic chemist is now able to manufacture many of the 
alcohol, aldehyde, ketone, and ester constituents of volatile oils, 
thus removing the necessity for depending on the natural sources 
for oils and odorous principles. However, the synthetic products 
are not always to be preferred in the matter of delicacy of odor. 

HYDROCARBONS 

The term hydrocarbons pertains to a group of compounds com¬ 
posed of hydrogen and carbon. These exist as gases, liquids, and 
solids, but only the latter two classes are of use in pharmacy. 
ParafHn, petrolatum, and liquid petrolatum are common examples; 
they are referred to as mineral wax and mineral fats. Paraffin has 
waxlike physical properties and pharmaceutical uses but is chem¬ 
ically unlike beeswax and other waxes. Petrolatum and liquid 
petrolatum have many fatlike properties and uses but are nonsapon- 
iliable and chemically very different from fats such as lard, tallow, 
olive oil, and a large group of oils and fats. These so-called “min¬ 
eral” fats are stable and chemically neutral. When highly refined 
they are quite tasteless, almost odorless, insoluble in water or alco¬ 
hol, but soluble in ether, chloroform, carbon disulfide, petroleum, 
and fixed and volatile oils. The hydrocarbons are greasy to the 
touch and leave a p<*rinanent greasy stain upon fabrics. They do 
not become rancid and for this reason have found favor as ointment 
bases, although from the therapeutic standpoint their value has 
been questioned. 

The gaseous members of this group include methane, ethane, 
propane, and butane. Natural gas, so important in the pharma¬ 
ceutical laboratory, is composed chiefly of methane, ethane, md 
other hydrocarbons. It is obtained by drilling into gas pockets 
within the earth from which it is piped great distances to many 
parts of the country. Natural gas is odorless and very toxic. For 
these reasons odorous cx)mpounds are poured into the main pipe 
lines in order that escaping gas may be detected easily. 

Source of Pharmaceutical Hydrocarbons. The hydrocar¬ 
bons have their source in crude petroleum, which comes from the 
earth as a d^rk, greasy liquid with a characteristic disagreeable odor. 
It has been called stone oil or rock oil and is used in liniments. In 
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the process of refining, the gases are removed by distillation. After 
distillation the residue contains liquid pelrolalum, petrolatum, and 
paraffin. These are separated by distillation or by chilling and 
expression and then are subjected to further processes of purification. 

Liquid petrolatum is known as white mineral oil, paraffin oil, or 
liquid paraffin. Two varieties are described, the light and the heavy, 
both being colorless oily liquids varying in specific gravity from 
0.828 to 0.905. 

Petrolatum is called petroleum jelly and is known in commerce as 
cosmoline, etc. It is usually yellowish to amber in color, with a 
characteristic fluorescent appearance, and is widely used as one of 
the constituents of ointment bases. 

White petrolatum is referred to as white petroleum jelly. At one 
time it was obtained only from Russian petroleum, but it is now 
chiefly an American product, specially purified from petrolatum. 
This product has appeared in varying degrees of color, from a faint 
yellow to white. The pharmacist should select the brand most 
suited to his needs and order it by its trade name. 

Pcwaffin is useful in pharmacy as a hardening agent in ointments. 
Some of its many valuable technical uses are the making of candles, 
wax paper, and floor polishes. Other products of a similar nature 
are ceresin and ozokerite. 

Purified petroleum benzin is a volatile, highly inflammable official 
hydrocarbon. It is useful in pharmacy as a solvent for fats, resins, 
and similar bodies. It should not be confused with benzene, a 
product obtained by the destructive distillation of coal. In industry 
benzin is used in dry cleaning. 

The student is referred to the Pharmacopoeia and the National 
Formulary for definitions, descriptions, physical properties, and 
tests for identity and purity for the official hydrocarbons. 

ALCOHOLS 

In using the term alcohol one usually thinks of ethanol, or ethyl 
alcohol, and also of dehydrated alcohol and diluted alcohol, all three of 
which are official. Whisky and brandy, which have been official and 
are nearly 50 per cent alcohol by volume, are considered as represent¬ 
ing a distinct class of alcoholic product. 
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Eihyl alcohol and dilutions of it are perhaps, next to water, the 
most widely used of all the solvents. Without it, processes and 
procedures in pharmacy would be greatly reduced. Alcohol is mis¬ 
cible in all proportions with water, acetone, ether, chloroform, and 
petroleum benzin. It is a colorless liquid with a characteristic odor. 
Being volatile and inflammable, it can be us"d as a source of fuel and 
power. Alcohol is about 95 per cent ethanol and has marked pre¬ 
servative and antiseptic properties. Since it is a product of distilla¬ 
tion, one would expect it to b(i produced in varying degrees of purity 
and to contain a great variety of impurities, depending on the care 
with which it is produced and rectified. Inasmuch as it is a constit¬ 
uent of a great variety of alcoholic beverages, there are many state 
and Federal regulations for handling it. These laws operate against 
the pharmacist in the exercise of his skill and knowledge as a manu¬ 
facturer and a dispi'nser of drugs and medicines. 

Ethanol (C 2 H!iOII) is a hydroxy (OH) substitution product of 
ethane (CjH#), one of the hydrogens being substituted by a hydroxyl 
radical. It may be so produced from ethane. However, yeast cells 
are able to produce it by acting upon saccharine solutions such as 
dextrose at a temperature of about 25 to 30®C. As the sugar under¬ 
goes fermentation, alcohol and carbon dioxide are produced as indi¬ 
cated by the following equation: 

2 C 2 H 6 OH -1- 2C0* 

dextro80 alcohol carbon dioxide 

In this process, when the concentration of the alcohol reaches 
about I t per cent, the yeast ceases to be active. The alcohol is then 
removed by distillation. By this means the alcohol is also concen¬ 
trated and rectified. 

In addition to alcohol and carbon dioxide, small quantities of 
other substances are produced in the fermentation process, including 
ftisel oil, glycerin, acids, and ether. These give odor to the distillate 
and may be removed by redistilling the alcohol over chemicals such 
as quicklime and anhydrous sodium acetate. Alcohol may be dehy¬ 
drated by adding freshly prepared quicklime or some other dehy¬ 
drating agent to it and allowing the mixture to stand a few hours 
prior to removif^ the alcohol by distillation. Dehydrated alcohol 
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has such an afiRnity for water that it must be carefully collected and 
stored in well-filled, tightly stoppered containers. For reagent pur¬ 
poses it is often necessary to redistill alcohol over potassium hydrox¬ 
ide or lime in order to remove the acids, aldehydes, and other 
impurities. 

Alcohol is official in the Pharmacopoeia, to which the student is 
referred for description and physical properties and tests for identity 
and purity. This applies also for Diluted Alcohol and Dehydrated 
Alcohol. 

Alcohol of full strength is seldom used in preparing medicinaLs. 
Varying dilutions are used in the preparation of tinctures, fluid- 
extracts, extracts, and solutions. When equal volumes of alcohol 
and water are mixed, there is a shrinkage in volume of about 3 to 5 
per cent. This needs to be taken into account when definite vol¬ 
umes are specified. There is also a rise in temperature of several 
degrees in such a solution. It is well to permit the solution to cool 
to room temperature before using it in order to avoid errors in vol¬ 
ume due to expansion and contraction with increase and decrease in 
temperature. 

Proof spirit is a 50 per cent solution by volume of alcohol. A 
100 -proof alcohol solution would, in reality, be a 50 per cent alco¬ 
holic solution. Pharmacopoeial Alcohol should be 189.8 proof or 
89.8 degrees above proof. The United States government uses this 
method of determining the purity of alcohol or highly alcoholic solu¬ 
tions. In pharmacy the amount of alcohol in solutions or prepara¬ 
tions is stated in percentage by volume, although it may be reported 
in percentage by weight. 

Congress passed a law in 1907 permitting the denaturing of alco¬ 
hol. Denatured alcohol can be sold tax-free, hence at a price much 
below that of tax-paid alcohol. A number of chemicals, such as 
alum, carbolic acid, formaldehyde, crosol, methyl alcohol, brucine 
sulfate, and diethylphthalate, have been used to denature alcohol. 
These usually render alcohol unfit for beverage purposes and for 
preparing medicinals, but not for technical uses. No permit is 
reqfuired for the purchase and use of completely denatured alcohol 
unless one expects to recover the alcohol. For recovery purposes 
special Federal permits are required. 
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Alcthufiol^ or methyl alcohol (CHaOH), is comiuoixly known as 
v)Ood alcohol; other synonyms for it are wood naphtha, methylic spirit, 
Columbian spirit, colonial spirit, and pyroxilic spirit It is one of the 
products obtained from the dry distillation of wood and is removed 
by distillation from the watery portion of this distillate following 
treatment with slaked lime. Further treatment of the rectified 
distillate with sulfuric acid removes the ammonia and other prod¬ 
ucts. The methanol is then removed by distillation. 

Methanol may be prepared also by causing water gas and steam 
to react by means of a catalyst. It is a colorless liquid having a 
peculiar characteristic odor, a specific gravity of about 0.79, and 
a boiling point of about 66. It is usually about 99.5 per cent 
methanol, is a good solvent for fats, resins, etc., and is used exten¬ 
sively in industry. It is more expensive to manufacture than ethyl 
alcohol, is very toxic, and should not be used for making pharma¬ 
ceutical preparations. 

Glycerin is a pol>hydric alcohol containing-not less than 95 per 
cent C8H6(0H)8. The glyceryl radical (C 3 H 5 ) is found in all vege¬ 
table and animal fats and oils. The trihydric substitution product 
of this radical is glycerin, which is a clear, colorless liquid, sweet to 
the taste, with a slight odor, miscible in all proportions with alcohol 
and water, and immiscible in all the ordinary organic solvents and 
fixed and volatile oils. It has a specific gravity of about 1.25 and 
the consistency of a thick syrup and is pharmaceutically important 
as a solvent and a preservative. It is credited with preventing 
reduction of metallic salts in solution and being valuable as a sol¬ 
vent for preparations containing tannin. 

(ilycerin is nonpoisonous and has the property of absorbing mois¬ 
ture from the air. For this reason it should be stored in tightly 
closed containers. Being hygroscopic, it server as a valuable con¬ 
stituent in certain extracts, pastes, and similar preparations to 
prevent drying and hardening. The glycerites of starch and traga- 
canth are good examples of the preservative and nondrying prop- 
forties of glycerin. These properties make them valuable as an 
emollient for certain skin disorders. It also has some value as an 
antiseptic and is a constituent of many of the antiseptics, lotions, 
and gargles on the market. 
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Glycerin is obtained from fats and oils by the process of saponi> 
fication as in the manufacture of soap and in the pharmaceutical 
laboratory in the manufacture of lead plaster. The latter is an 
insoluble hard soap and is washed in the process to remove the 
glycerin and other soluble products. Glycerin was discovered in 
1729 by Scheele, the Swedish apothecary, in the wash water from 
lead plaster. It was first produced commercially in this country 
about a century ago as a by-product of the lead-plaster industry. 
At about this time it came into use in pharmacy and medicine. 
When fats and oils are subjected to superheated steam under pres¬ 
sure, they are decomposed into fatty acids and glycerin. Glycerin 
can be prepared synthetically and also by fermenting beet-sugar 
molasses under proper conditions. The abundance of fats and oils 
in this country has made it unnecessary to resort to the two latter 
methods of production. 

Crude glycerin is purified by distillation in vacuo or with steam. 
Coloring matter may be removed with charcoal and the distillation 
process repeated as often as is necessary to obtain the required 
purity. 

Glycerin reacts with nitric acid to form nitroglycerin^ which is an 
important explosive and is used in the manufacture of dynamite. 
Nitroglycerin has some value as a medicine, being official as a 1 per 
cent alcoholic solution known as Nitroglycerin Spirit with a dose 
of 1 Til. It appears also in tablets of nitroglycerin, dose Hoo g. 
Nitroglycerin products are dangerous drugs, and even the doses 
indicated may produce a violent headache. The student is referred 
to the Pharmacopoeia for descriptions, physical properties, and 
tests for purity and identity of these products. 

ACIDS 

An acid is a substance that, when reacted, combined, or neutral¬ 
ized with a base, forms a salt. In the presence of moisture or in 
solution, acids cause blue litmus paper to turn red. They also affect 
indicators such as phenolphthalein, methyl orange, and methyl red 
in solution. Aqueous solutions of acids contain hydrogen ions (H*^) 
and are sour to the taste. 

Acids are commonly referred to as being (1) inorganic, such as 
hy(b*ochloric and sulfuric acids; and (2) organic, such as acetic and 
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tartaric acids. An example of further classification is furnished by 
the halogen acids, hydrochloric acid (HCl), hydrobromic acid (HBr), 
hydriodic acid (HI), and hydrofluoric acid (HF), which are derived 
from the four halogens, respectively. These are sometimes referred 
to as the hydracids, those without oxygen. Another group of acids, 
containing oxygen, such as nitric (HNOs) and sulfuric (H2SO4), are 
referred to as nonmetallic oxygen acids. A group of the organic 
acids, such as stearic, palmitic, and oleic acids, are termed the higher 
fatty acids, being derived from fats. 

Acids exist as gases, liquids, and solids. One of the most common 
gaseous acids is hydrochloric acid, which is available as a solution, 
the gas, HCl, being readily soluble in water. The heavy acids such 
as nitric, phosphoric, and sulfuric are liquids. Of the well-known 
organic acids some are liquid, such as acetic and oleic. Others, such 
as citric, tartaric, tannic, benzoic, and salicylic, are solids, being 
white or very light in color and of crystalline structure. The heavy 
acids are soluble in water, as are the organic acids, citric, tartaric, 
and tannic. On the other hand, benzoic, salicylic, and the higher 
fatty acids are insoluble. 

Aqueous solutions of the acids are sour to the taste. Inorganic 
acids, such as hydrochloric, nitric, and sulfuric, are corrosive to the 
tissues and destructive to fabrics, wood, and paper and to most 
apparatus in the laboratory except glassware. Strong acids need 
to be handled with extreme care; careless handling has resulted in 
much damage to property and in serious accidents. 

The organic acids, as such, perhaps find their way into medicines 
more often than do the inorganic acids. Citric and tartaric acids 
are necessary constituents of granular eflTervescent salts, a popular 
kind of medicament. 

It is not possible to deal with the subject of acids in detail at this 
time. For a more complete discussion of the acids official in the 
Pharmacopoeia and the National Formulary the student is referred 
to these texts. 


ALKALOIDS 

Alkaloids are an important class of plant bases of complex chem¬ 
ical structure. A few are of animal origin. They all contain nitro¬ 
gen as well as carbon and, with a few exceptions, oxygen. The term 
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alkaloid means alkalilike. Most of the alkaloids react with acids 
to form salts, which are more soluble than the alkaloid and for 
this reason are more generally used in medicines. 

Most of the alkaloids are solid, although a few exist in the liquid 
form. Nicotine^ one of the most potent of the alkaloids, is a liquid. 
Alkaloids are said to exist in nature in the form of salts such as 
rnalates, tannates, and citrates. In opium the alkaloids are com¬ 
bined with meconic acid; in cinchona, with quinic acid. In 1817 
Serturner described morphine as a new salt-forming substance. 
His discovery was followed immediately by reports from other 
workers and opened the way for a series of discoveries of alkaloids 
and other plant principles. The alkaloids were attractive to early 
pharmaceutical chemists because they possessed marked physio¬ 
logical action, many being very potent. As a rule they are bitter 
to the taste, insoluble in water, but soluble in the usual organic 
solvents. They are mainly crystallizable, although some are amor¬ 
phous and a few are liquid, and are usually colorless, although 
berberine is yellow. Most of them show optical activity and have 
a definite melting point. 

The occurrence of alkaloids is restricted to a comparatively few 
plant families. Occasionally the same alkaloid is found in more 
than one family. In a few instances plants yield more than one 
alkaloid. Nux vomica contains two alkaloids, opium twenty-one, 
and cinchona thirty-two. It is unusual for a plant to yield more 
than four alkaloids. They may be found in any or all parts of the 
plant, such as the stem, bark, root, seed, and leaves. Many expla¬ 
nations have been offered for the presence of alkaloids in plants, but 
none is wholly satisfactory. In recent years a number of alkaloids 
have been synthesized; this includes procaine and many other local 
anesthetics that are acceptable substitutes for cocaine although 
chemically unlike it. 

The names of the alkaloids end in -ine in English and 4na in 
Latin. For example, morphine in English is morphina in Latin. 
This system of nomenclature is generally used, notably in the Phar¬ 
macopoeia and the National Formulary. 

The medicinal value of many drugs and their preparations is 
dependent on their alkaloid content. A number of reagents have 
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been developed for testing for the presence of the alkaloids. Among 
the most common are Mayer’s reagent, Wagner’s reagent, and solu¬ 
tions of tannic acid, picric acid, and mercuric chloride. The alka¬ 
loids are sensitive to these reagents and are detected in small 
amounts by the formation of marked precipitates when the reagents 
are added to their solutions. 

Alkaloidal assay is a subject of study and interest to the pharma¬ 
cist and the pharmaceutical chemist. The details of these assays 
cannot be given here except to say that some of the alkaloids may 
be assayed chemically while others must be assayed biologically. 

A number of the natural alkaloids and their salts and also salts of 
several synthetic alkaloidal derivatives are official in the Pharma¬ 
copoeia and the National Formularj. These include atropine, 
codeine, caffeine, ephedrine, morphine, quinine, and strychnine and 
their salts. The reader is referred to these texts for descriptions, 
tests for identity and purity, and the preparations in which the 
official alkaloids appear. It will be observed that strychnine and 
its salts have a wide use in a variety of medicinals. Perhaps the 
most important of the medicinals in common use are the alkaloids 
of opium, especially morphine and codeine. Science has been 
unable to produce acceptable synthetic substitutes for these valu¬ 
able drugs, although much attention has been given to the problem. 

GLYCOSIDES 

The glycosides, often referred to as glucosides, constitute a large 
group of plant principles. They are complex bodies described as 
ester- or etherlike compounds of carbohydrates. When subjected 
to the action of dilute acids or ferments they yield glucose or some 
other hexose or perhaps a pentose, in addition to other substances. 
The latter are likely to be complex benzene compounds. The term 
glycoside is now used as a general name for the group, irrespective of 
the sugar present, and is perhaps a better term than glucoside. 

The complexity of glycosides may be illustrated by digilonin and 
its decomposition products, as follows: 

+ 5 HOH = C26H42O6 + 4C6H12O6 + CsHioOb 

digilonin -|- water ■■ digitogenin -h galactose -{- xylose 
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With a few exceptions the glycosides do not contain nitrogen. 
Amygdaliriy for example, yields dextrose, benzaldehyde, and hydro¬ 
cyanic acid when hydrolyzed. The enzyme emulsin, in contact 
with amygdalin in the presence of moisture, effects this hydrolysis. 
With each glycoside it is assumed that there is associated a distinc¬ 
tive enzyme which possesses the power of hydrolyzing it. Such 
enzymes possess the power of hydrolyzing several glycosides. The 
hydrolysis of glycosides may also be accomplished by boiling them 
with dilute acids or alkali solutions. It happens that the hydrolysis 
product of glycosides is of greater pharmaceutical importance than 
the glycoside itself. The benzaldehyde just mentioned and volatile 
oil of mustard are good examples. The latter is chiefly allyl isothio- 
cyanaie^ a poisonous product, and is produced naturally by the 
action of the enzyme my rosin on the glycoside sinigrin; these sub¬ 
stances are present in the mustard seed. Hydrolysis takes place in 
the presence of moisture, which may have to be added, and warmth. 
The volatile oil of mustard does not preexist in the seed but is fornied 
under the conditions indicated and may be removed by steam distil¬ 
lation. The two products of glycosidal hydrolysis, benzaldehyde 
and volatile oil of mustard, are prepared synthetically, as are also 
salicin, methyl arbutin, and others. A few glycosides that have 
been synthesized are not known in nature. 

Although glycosides are important plant products, very few are 
official. They do not always constitute the active constituents of 
plants. When their action is important they are likely to be used 
in their natural combination rather than alone as purified products. 
There are, of course, exceptions to this general rule. 

They have the ending -in in English. Those which are official 
have the -in Latinized to -inum, as illustrated by salicin, saliciniim. 

It should be borne in mind that glycosides are characterized not 
by the sugar but by the nonsugar part of the compound. The non¬ 
sugar products of glycosides are called aglucons and possess widely 
varying medicinal properties. This has led to a general classifica¬ 
tion according to action, such as astringent, purgative, bitter, sweet, 
and heart glycosides. 

No general tests for the identity and purity of glycosides are 
applicable. A quantitative determination of the reducing sugars, 
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before and after hydrolysis, may be made. The nonsugar cleavage 
product is in some instances easily detected. Certain of the heart 
glycosides are assayed biologically. The real purpose and signifi¬ 
cance of glycosides in the economy of the plant is largely a matter of 
opinion. Perhaps they protect the plant by acting as antiseptic^s. 

SAPONINS 

The saponins are termed the frothing glucosides. They are closely 
related to the glycosides but differ from them in their chemical con¬ 
stitution and physiological action. They are usually amorphous, 
although a few are crystalline, and bitter to the taste. Finely pow¬ 
dered drugs containing them are irritating to the mucous membrane 
and are sometimes classed as sternutatories. With a few exceptions 
saponins are toxic, especially to cold-blooded animals, bringing 
about the destruction of the red blood corpuscles. Some saponins 
are effective poisons for fish and form poisonous compounds with 
cholesterol. When mixed with grains fed to domestic animals, 

( ertain plant seeds that contain saponins cause loss of life. 

Because of their poisonous properties, saponins have a limited use. 
Those which are less toxic have been used as emhlsifying agents, 
behaving like solutions of soap even in dilutions up to 1 in 10,000. 
Tincture of soap bark has been used as an emulsifier for external 
products. Saponins of this kind find use as detergents for cleaning 
certain fine fabrics, in disinfectants to increase the miscibility of the 
latter with water, and in foaming fire extinguishers. It has been 
said that the foam in root beer, beer, and ale is due to the presence 
of harmless saponins in the extracts used to prepare the syrup from 
which the beverage is made. 

Saponins, for the most part, are soluble in water and are hydro¬ 
lyzed in a manner similar to that of the glycosides when heated with 
dilute mineral acids. Several are crystalline, although most are 
colloidal and dialyze with difficulty. They are insoluble in ether, 
benzene, chloroform, and cold alcohol but are soluble in hot alcohol. 

From a chemical viewpoint they may be classed as neutral or acid 
saponins. Upon hydrolysis they yield a variety of sugars. Being 
water-soluble, saponins are obtained from the roots, leaves, seeds, 
etc., as aqueous extracts, from which they are precipitated.’ 
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Sarsaparilla yields a mixture of glycosides, among which are paril- 
lin and sarsaponin, Quillaja yields sapotoxin and quillaic acid, 
which are toxic and nontoxic, respectively. Saponaria officinalis 
L. yields about 5 per cent, Polygala senega L. about 2.5 per cent, and 
Agrostemma giihago L. about 6 per cent of sapotoxin. The latter 
plant is corn cockle, which grows as a weed in wheat crops and the 
seeds of which get mixed with the grain, causing loss of life when* fed 
to animals because of the poisonous sapotoxin present. The com¬ 
mon horse chestnut is a good source of saponins. Yucca rhizomes 
are reported to contain as much as 20 per cent saponin. The 
results of recent investigations indicate that the cardiac glycosides 
and the saponins are related to the sterol glycosides. 

ENZYMES 

Enzymes are often referred to as ferments. They are active sub¬ 
stances, behave as catalysts, and are known chiefly by the results 
they produce. They are complex bodies having many of the prop¬ 
erties of proteins; their colloidal nature makes the separation of pure 
enzymes almost impossible, although they are adsorbc^d upon such 
substances as kaolin and infusorial earth. They are found in both 
animal and vegetable tissue and are n^garded as the catalytic agents 
of the living cells. They are produced by the living cell but are 
independent of the cell in their action. They are not living bodies, 
because they are unable to grow or reproduce themselves. 

Enzyme activity, so far is known, is confined almost wholly to 
reactions with organic compounds. Digestion is a term used to 
designate the decomposition of organic substances by certain organic 
juices. If a foul odor results, the process is termed putrefaction. 
The term fermentation has been applied to the process of digestion 
that results in the liberation of gas. Varieties of fermentation are 
termed {!) spirituous, (2) acid, and (3) putrefactive. The process 
of fermentation was at one time ascribed to the presence of a ferment, 
an early term used to describe substances that are now called 
enzymes. 

Pasteur proved that grape sugar produces alcohol and carbon 
dioxide (COje) as a result of the life activities of yeast cells. He 
defined fermentation as “life without oxygen.” Reactions by fer- 
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merits have been referred to as those occurring in contact with the 
living cell, and enzymatic reactions as those reacting separately and 
apart from the cell. Such differentiation between ferment and 
enzyme is no longer tenable. 

Inorganic catalysts are definite chemical substances, but the 
chemical structure of enzymes is not known. Inorganic catalysts 
are usually capable of catalyzing many reactions. Enzymes are 
much more specific, some of them being absolutely specific in their 
action. The proteolytic enzymes do not attack fats, and the lipases 
do not split proteins. 

Many of the important physiological processes essential to life, in 
both animals and plants, are dependent on the action of enzymes. 
They play an important role in the production of many industrial 
items, such as alcohol, acetic acid, and many other products. 

The earliest of the enzymes to be named was pepsin. It was 
established more than one hundred years ago that some specific 
substance is responsible for gastric digestion. Somewhat later, the 
existence of trypsin in the intestine was also confirmed. Other 
enzymes were later discovered by means of their characteristic reac¬ 
tions. The actual existence of enzymes is hard to establish, but the 
mechanism and nature of their reactions have interested both chem¬ 
ists and physiologists during recent decades. As a result many of 
the anomalies attributed to enzyme reactions have been explained. 

Enzymes, as a rule, are sensitive to light and heat. It has been 
stated that none will survive a temperature of 100°C. and that many 
are affected by temperatures of about 50®C. It is well known, how¬ 
ever, that increased temperatures create conditions favorable to the 
activity of enzymes and low temperatures retard their action. The 
enzymatic substances that are commonly known are colloidal in 
character, making the separation as pure enzymes almost impossible. 
Each enzyme has a pH range at which it functions most efficiently, 
and the rates at which many of them react vary with the acidity of 
the solution. However, certain enzymes act best in a neutral, or 
alkaline, medium. 

The protein nature of enzymes is attributed to the presence of 
protein impurities. Hence, as one part of rennin is able to coagulate 
over 100,000 parts of casein, the action is apparently not one of 
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molecular proportions and may be regarded as being a catalytic 
action. Antiseptics are capable of retarding or destroying the 
action of enzymes. In the fermentation of dextrose by yeast, in 
which alcohol and carbon dioxide are products, the reaction stops 
when the alcoholic content of the reaction mixture reaches 14 to 16 
per cent. Enzymatic action may be inhibited or accelerated by 
certain organic compounds and inorganic salts. For example, the 
presence of tannin in certain vegetable extracts renders the enzymes 
inactive. Dried enzyme products are reasonably stable, but those 
which are not dried need to be preserved. 

The following classification of enzymes is a modification of that 
given by Greisheimer.^ 

1. Amylases, Ptyalin in saliva and amylopsin in pancreatic juice 
hydrolyze starch to maltose. 

2. Disaccharases, Sucrase in the intestinal juice hydrolyzes 
sucrose to glucose and levulose. Lactase in the intestinal juice 
hydrolyzes lactose to glucose and galactose. Maltase in saliva, 
pancreatic juice, and intestinal juice hydrolyzes maltose to glucose. 

3. Lipases, Gastric lipase, found in the gastric juice, hydrolyzes 
fats into glycerol and fatty acids. Pancreatic lipase, known as 
sleapsin, is found in the pancreatic juice and also hydrolyzes fats 
into glycerol and fatty acids. 

4. Proteases, Gastric protease is found in the gastric juice. 
These proteases are commonly known as pepsin and, in the presence 
of hydrochloric acid, hydrolyze proteins into proteoses and peptones. 
Pancreatic protease, known as trypsin^ is found in the pancreatic 
juices and hydrolyzes those proteins which escaped the gastric 
digestion. The intestinal protease, known as erepsin^ is found in 
the intestinal juices and hydrolyzes peptones and peptides to amino 
acids. 

Details of the physiology involved in these digestive processes are 
given in the reference cited' and may be found in other good texts on 
physiology. 

Much has been written in recent years on the subject of enzymes. 
One cannot read the literature without being impressed with the 

‘ E. M. Greisheimer. “Physiology and Anatomy,” J. B. Lippincott Com¬ 
pany, Philadelphia, 5th ed., 1945. 
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importance of these bodies. They are absolutely essential to life 
in both plants and animals. They are essential also to the success 
of many industrial processes and laboratory procedures, in diagnosis, 
and in the treatment of disease. 

STUDY QUESTIONS 

1 . Nineteen group>s of natural plant products have been described in 
this chapter. If you grouped together those most closely related, how 
many classes would you have? 

2. Distinguish gums from mucilages. 

3. Why is copaiba called a balsam when it is an oleoresin? 

4. Why is crude cotton nonabsorbent, and how is it treated to make it 
absorbent ? 

5. If the plant manufactures starch in the leaves, by what mechanism 
is it stored in the roots and seeds? 

6 . Name the general classes of sugar and give an example of each class. 

7. How do sucrose and lactose differ in respect to solubility and sweet-’ 
ness? 

8 . Compare gum resin, oleoresins, resins, and balsams, and give dis¬ 
tinguishing features of each. 

9. How important are fats to the soap industry? Explain your 
answer. 

10 . Name several waxes and give their pharmaceutical uses. 

11 . Give the physical characteristics of volatile oils and state how they 
are obtained. 

12 . Name several hydrocarbons and give their physical properties. 

13. What is denatured alcohol? 

14. Define an acid and give the general classes. 

15. Give the properties of alkaloids and name several. 

16. Discuss the properties of glucosides.and saponins and give examples 
of each. 

17. Describe the character and importance of enzymes and name those 
commonly known. 
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Appendix 2 

MINIMUM STANDARD EQUIPMENT 
FO*R A PHARMACYi 


Balance, dispensing torsion, capacity 
500 Gm., sensitivity 15 mg. 

Balance, prescription, capacity 120 
Gm. each pan; sensitivity 2 mg. 

Bath, water, copjier, 6 in. 

Beakers, lipped, pyrex, assorted sizes, 
50 to 2,000 cc. 

Bottle capper (1) 

Bottle caps for magnesia citrate 
bottles 

Bottle, graduated, 1,000 cc. 

Bottles with droppers, amber or other 
color, assorted sizes 

Bottles, magnesia citrate, 200 cc. and 
350 cc. 

Bottles, prescription, ungradiiated, 
(without metal caps) assorted 
sizes 

Bottles, reagent, glass-stoppered, nar¬ 
row-mouthed, amber, assorted 
sizes 

Bottles, reagent, glass-stoppered, nar¬ 
row-mouthed, assorted sizes 

Bottles, reagent, wide-mouthed, bake- 
lite caps, assorted sizes 

Bottles, wash (1 or more) 


Boxes, suppository, assorted sizes 
Burettes, 50 cc. (2) 

Burners, bunsen (2) 

Capsule machine (1) 

Casseroles, porcelain, assorted sizes 
Cork liorers (1 set) 

Corks, assorted sizes and tapers 
Cotton, purified 

Counter balance, capacity 7 lb., sensi¬ 
tivity 20 gr. 

Double boiler, suitable size (1) 
Electric hot plate, three-heat (1) 
Evaporating dishes, porcelain, as¬ 
sorted sizes 

F'ilter paper, hard, qualitative, as¬ 
sorted sizes 

Flasks, Erlenmeyer^ pyrex, assorted 
sizes 

Flasks, volumetric, glass-stoppered 
(three sizes) 

Funnels, long-stem, 60-deg.-angle, 3 in. 
Funnels, plain, 3, 4, and 6 in. 
Funnels, straining, hard rubber, as¬ 
sorted sizes 
Gauze (cheesecloth) 

Graduates, conical, duplex-scale, 1 f 5 
(5 cc.) to 32 f 5 (1,000 cc.) 


* For a detailed study of equipment requirements the reader should also 
refer to a tabulation in Drug Topics 54 (No. 23), 31 (1938) and 54 (No. 25), 
1% 22 (1938); to “The Professional Pharmacist,“ The American Pharmaceuti¬ 
cal Association, 1938, pp. 5-6; to “Basic Material for a Pharmaceutical Curri¬ 
culum,” McGraw-Hill Book Company, Inc., New York, 1927, pp. 322-330; 
to the J. Am, Pharm, Assoc,, Prae. Pharm. Ed, 1, 9-12 (1940). 
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Graduates, cylindrical, 10, 25, 50, or 
100 cc. 

Graduates, cylindriced, glassHstop- 
pered, 250, and 500 cc. 
Honiogenizer, hand (1) 

Litmus paper, blue and red 
Mortars and pestles, glass, assorted 
sizes 

Mortars and pestles, Wedgwood, 
assorted sizes 
Mus^n 

Ointment pots with bakelite or suit¬ 
able durable caps, assorted sizes 
Percolator packer and suitable weights 
Percolators, conical, glass, assorted 
sizes to 1-qt. size 

Percolators, cylindrical, glass, as¬ 
sorted sizes to 1-qt. size 
Pipettes, measuring, volumetric, 10 
cc. graduated to 0.1 cc.; 1 cc, 
graduated to 0.1 cc,; 1 cc. gradu¬ 
ated to 0.01 cc. 

Pipettes, transfer, assorted sizes 
Prescription files 
Hack, test-tube (1) 

Ring stand (retort), iron, complete 
with rings 

Rubber stoppers,'one- and two-holed 
assorted sizes 


Rubber stoppers, solid, assorted sizes 
Sieves, brass, standard, complete set 
Silk, bolting 

Spatulas, rubber, assorted sizes 
Spatulas, stainless-steel, assorted sizes 
Spatulas, stainless-steel, pill 
Stirrer, electric (1) 

Stirring rods, glass, assorted lengths 
and diameters 

Stirring rods or spoons, assorted sizes 
Suppository machine and molds (1) 
Test tubes, pyrex 

Thermometers, to 360° graduated to 
0 . 1 ° 

Tubing, glass, assorted diameters 
Tubing, rubber, red, a8.sorted diam¬ 
eters 

Watch glasses, 3, 4, and 6 in. in 
diameter 

Weights, avoirdupois, oz. to 7 lb. 
Weights, metric, brass, nickel-plated, 
1 ing. to 100 Gm. 

Weights, metric, brass, nickel-plated, 
1 Gm. to 500 Gin. 

Weights, metric, 10 Gm. to 10 Kg. 
Weights, apothecaries’, brass, 1 gr. 

up (not coin weights) 

Wire gauze, asbestos center, 5 by 5 in. 


Additional equipment may be needed for special types of work. If the 
pharmacist is specializing in the preparation of parenteral solutions or is con¬ 
ducting analytical work of various kinds, specialized equipment will be 
necessary. 

The equipment listed above may be purchased from a number of reliaMe 
laboratory supply houses. The pharmacist should have the catalogues of 
several such houses. If equipment is being purchased in quantity, lists should 
be submitted to these concerns for quotations. * 



Appendix 3 

VISUAL AIDS 

The following list of visual materials can be used to supplement some of the 
material in this book. This list, although subdivided by chapters, is com¬ 
prehensive rather than selective. It is suggested, therefore, that each film be 
previewed before using as some may contain information that is too advanced 
while others may be too elementary. Each film has been listed once in con¬ 
nection with the chapter to which it is most applicable. However, in many 
cases the film might be u.sed advantageously in other chapters. 

These films can be obtained from the producer or distributor listed with each 
title. (The address of producers and distributors are given at the end of the 
list.) In many cases they can be obtained from a local film library or local 
film distributor; also, many universities have large film libraries from which 
they can be borrowed. 

The running time (min) and whether it is silent (si) or sound (sd) are listed 
with each title. All the motion pictures are 16-mm. black and white films, 
unless otherwise stated. 

Chapter 1. Historical Development of the Profession of Pharmacy 

Historical Introduction to the Study of Chemistry (EBF ISmin si). Ancient 
chemical processes; alchemy; experiments of Priestley and Lavoisier; modern 
chemistry. 

Industry for Health (Mod 30min sd). A comprehensive view of type of scientific 
work pursued in manufacture of pharmaceuticals. 

Chapter 2. Ethical Principles for the Practice of the Profession 

OF Pharmacy 

Triumph without Drums (TFC lOmin sd). The story of Dr. Harvey W. Wiley’s 
struggle for the passage of the Pure Food and Drug Bill. 

Oral Medications (Castle Brain sd). The importance of giving the right amount 
of the right medicine at the right time to the right patient. 

Chapter 3. The Pharmaceutical Curriculum, Part I. The 
Basic Sciences 

Experiments in Physics (United ISmin si). Various physical phenontena por¬ 
trayed by outstandiiig exhibits at Chicago Fair. 
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Origin of Afathemaiics (Brandon lOmin sd). The beginning of mathematics 
from primitive man; its progress to methods of today. 

The Pharmacist (Medinke lOmin sd). The kind of training necessary and where 
it may be secured. 

Chapter 5. The Branches op and Opportunities in Pharmacy 

“//e/p Wanted** (J&J 31miu sd color). Treatments as shown in beginners* 
first aid course. 

Packaging Marches On (Breskin 30min sd color). Examples of modern packag¬ 
ing, some in color; analysis of important points of good packaging. 

Bill Proctor's Choice (Mod 30min sd). The advantages and disadvantages of 
pharmacy as a career. 

Packaging-—A Public Service (Breskin 30min sd). The progress of packaging; 
objectives of a good package; importance of the package in selling. 

She Couldn*t Say **No** (DuPont 15min sd). The variety and attractiveness of 
modem packages. 

Chapter 7. METRoix>r.Y 

Analytical Balance Technique (Brandon 30min si). Details of manipulation of 
the analyticcd balance; rnathematiea] techniques involved in its proper use. 

Sand and Flame (USBM 20min sd). Melting ceramic mixture; glass blowing, 
hand forming, polishing, spinning into threads; plate and safety glass. 

Glass Blowing (EBF ISmin si). Correct procedure and manipulations for 
elementary glass blowing with Pyrex glass; procedure for joining two tubes; 
method of blowing bulbs. 

Chapter 8. The Physical Properties of Matter 

Dr, Langmuir—On Surface Chemistry (Bray 30min sd). Dr. Irving Langmuir, 
Nobel Prize winner in surface chembtry, performing and discussing hb experi¬ 
ments. 

Cohesion^ Invisible Forces (Kimsas 5min si). Demonstration of cohesion and 
surface tensions. 

Mailer and Energy (Coronet lOmin sd). A presentation of the concept that 
everything b composed of matter and affected by energy; matter in its different 
forms; brief exposition of atomic energy. 

Experiments with Light Bays (Bray Smin ri). How light travels; how light rays 
are affected by various lenses. 
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AirPrature andGravUalion (United ISmin si). Air pressure; some peculiarities 
of air; densities of liquids. 

Behavior of Light (EBF ISmin si). How light is transmitted; how it is refracted 
or absorbed by various media. 

GravUalion of Liquids (Bray Smin si). Experiments demonstrating differences 
in specific gravity of various liquids. 

Displacement Method of Finding Density of an Irregular Object (Harmon Smin 
si). An explanation of various steps in performing this experiment. 

Molecular Theory of Matter (EBF lOmin sd). Evidence of molecular activity in 
gases, liquids, and solids, presented in support of the molecular theory of matter; 
microscopic view of Brownian movement. 

Chapter 9. Theory, Generation and Control of Heat 

Surface Chemistry (United 30min sd). A description of oil-film experiments 
demonstrating size and shape of molecules. 

Chemistry of Combustion (EPS lOinin sd). A series of chemical experiments in 
phenomena of oxidation and combustion too dangerous for performance in 
average ledxiratory. 

Fire Making (EBF ISmin si). Phenomena of combustion. 

Heal and Pressure (Ideal lOinin sd). Interrelationships of heat, pressure, and 
state of any material substance; principle of refrigeration; characteristics of 
liquid air, and its effects on various metals and substances. 

Fuels and Heat (EBF llmin sd). The role of carlion in fuels; combustion, por¬ 
trayed by animation; moleculeu* action shown in portraying relation of heat to 
temperature. 

Chapter 10. Applications of, and Processes Involving. Heat 

VelocUy of Chemical Reactions (EBF lOmin sd). The effect of the nature and 
concentration of reacting substances, and of their temjierature, on the rate of 
chemical reactions. 

Water (VES ISmin si). Natural properties in liquid, solid, and gaseous forms; 
how they are used by man. 

Chapter 11. Application or, and Processes Involving, 

Heat {Continued) 

Crude Oil DulilkUion (Shell ISmin sd). How crude oU may be broken down 
into its component parts by fractional distillation. 
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[>isiillalion (BIS lOmin sd). Atomic structure of hydrocarbons demonstrated ; 
mixture and distillation of two liquids and solid; application of the process. 

Chapter 12. Solutions 

Characteristics of Solids (Brandon 9min sd). Basic conceptions of nature of 
solids; physical laws involved. 

Char€icieris(ics of Liquids (Brandon 9min sd). Properties of liquids and forms 
that they assume. 

Characteristics of Gases (Ideal lOmin sd). The physical law of gases. 

Properties of Water (Coronet 11 min sd). Some of the (chemical and physical 
properties of water. 


Chapter 13. The Colloidal State 

Colloids (EBF lOmin sd). The colloidal state defined in terms of particle 8ize» 
factors which prevent particle growth, and some methods of coagulation; 
illustration of Tyndall effect. 

Chapter 16. Precipitation, Crystallization, and Cranulation 

Crystallization (Bray 30min si). Microscopic study of natural and su'tificial 
crystals, with demonstrations of crystal growth. 

Gravimetric Analysis (PSC 15min si). Laboratory technique of precipitation 
and weighing. 

Crystals (Gaumont lOmin sd). Their preparation by evaporation and their 
formation by geological phenomena. 

Chapter 20. The Natural Products Used in Pharwlacy 

Catalysis (EBF lOmin sd). Factors which may be responsible for catalytic 
action. 

Soap (EBF 15mln si). Underlying principle of soap manufacture. 

Volatile Oils (Fritzsche 50min sd color). Production of volatile oils, perfume 
agents, etc. 


SOURCES OF FILMS LISTED ABOVE 

BIS—British Information Services, 30 Rockefeller Plaza, New York 20 

Brandon Films, Inc., 1600 Broadway, New York 19 

Bray Studios, Inc., 729 Seventh Ave., New York 19 

Breskin Publishing Corp., 122 E. 42nd St., New York 17 

Castle Films, 1445 Park Ave., New York 29 

Coronet Instructional Filins, 65 £. South Water St., Chicago 1 
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DuPont— E, I. du Pont de Nemours & Co.. 10th & Market Sts., Wilmington 98, 
Del 

EBF— Encyclopaedia Britannica Films, Inc., 1150 Wilmette Ave., Wilmette 
III 

EPS—Edited Pictures System, Inc., 165 W. 46th St., New York 19 
Fritzsche Bros., Inc., 76 Ninth Ave., New York 11 
Gaumont. Distributed by United World Films, Inc. 

Harmon Foundation, Inc., 110 Nassau St., New York 7 

Ideal Pictures Corp., 26 E, Eighth St., Chicago 5 

J&J—Johnson & Johnson, Promotion Dept., New Brunswick, N. J. 

Kansas, University of. Bur. of Visual Instruction, Lawrence, Kan. 

MahnVe, Carl F. Productions, 215 E. Third St., Des Moines 9, la. 

Mod—Modern Talking Picture Service, Inc., 9 Rockefeller Plaza, New York 20 
PSC—Pennsylvania State College, Audio-Visual Aids Library, State College, 
Pa. 

Shell Oil Co., Public Relations Dept., 50 W. .50th St., New York 20 
TFC—Teaching Film Custodians, Inc., 25 W. 4.3rd St., New York 18 
VES—Visual Education Service, Inc., 116 Newbury St., Boston 16, Mass. 
USBM—U. S. Bureau of Mines, Experiment Station, 1600 Forbes St., Pitts¬ 
burgh 13, Pa. 

United World Films, Inc., 1455 Park Ave., New York 29 
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Abbe refractometer, 224-225 
Abietic anhydride (5b'I-6tTk ftri-hl' 
drid), 557 
Absolute, 586 
Absolute scale, 256-257 
Absorbent cotton, solubility of, 567 
uses of, in pharmacy, 566 
Absorbent gauze, 567 
Absorption, 418 
drying by, 537-538 
selective, 418 
Absorption bottles, 543 
Acacia, 426, 430-431. 559, 565, 570 
''Accepted Dental Remedies,” 47 
Acetic acid, 592 
Acid, benzoic (bfin-zo'Ik), 579 
cinnamic (sl-nftm'lk), 579 
meconic (m6-k6n'Ik), 594 
quillaic (kwl-la'ik), 598 
quinic (kwin'ik), 594 
Acids, 589, 592-593 
action of, 593 
corrosive, closures for, 562 
definitions of, 397, 592 
gaseous, 593 
halogen, 593 
handling of, 593 
heavy, 593 
higher fatty, 593 
inorganic, 592-593 
liquid, 593 

newer concepts of, 396 
fionmetallic oxygen, 593 
organic, 592 
properties of, 592 


Acids, solid, 593 
Acrolein (a-kr6'-l6-In), 580 
Acrylic aldehyde (a-krll'Ik ftl'd^-hld), 
580 

Adhesion and cohesion, 234 
Adipocelluloses (ad'I-pS-sSl'O-los), 
568 

Adsorption (&d-s6rp'sh(in), 418-419 
Adulteration, 28, 33 
Advanced courses in pharmacy, 77-78 
Advancement, professional, 36 
Advertisements, 57 
influence of, 120 

Advertising, and usefulness of trade 
journals, 123 

Aeration (a'6r-a'shtin), 542 
Aerosols, 413-414 
Aesculapius, 5 
Agar (a'giir), 431 
properties of, 570-571 
source of, 571 
tests for, 571 
uses of, 571 

Age, effect on drugs, 557-558 
Agglomeration (&-gl6m-6r-&'shtin), 
539 

Aglucons (A-gloo'k6nz), 596 
Ainsworth analytical balances, 166- 
170 

Air, effect on drugs, 556-557 
Air baths, 282-284 
Alchemy (&rk6-ml), 11, 113 
Alcohol, 11 

fractional distillation of, 356-357 
method of dehydrating, 589 
odor of, 589 
100 proof, 590 
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Alcohol, pharmaceutical uses of, 590 
physical properties of, 589 
rectification of, 589 
removal of impurities from, 589 
tax-free, 88 

Alcoholic Administration, pharmacy 
in, 91, 93 

Alcoholometers, 205 

Alcoholophil, 412 

Alcohols, cetyl, 432, 582-583 
dehydrated, 588-590 
denatured, 590 
diluted, 588, 590 
ethyl, 588-589 
methol, 591 
Pharmacopoeial, 590 
wood, 591 

Algebra, higher, 73 

Alkaloids (ftl'ka-Ioids), 593-595 
crystallizable, 594 
form of, 594 
liquid, 594 
natural, 594 
nomenclature of, 594 
official, 595 

optical activity of, 594 
origin of, 593-594 
physiological action of, 594 
potency of, 594 
reagents for, 594-595 
salts of, 594-595 
solid, 594 

structure of, 593-594 
synthetixed, 594-595 
tests for, 595 
uses of, 595 

Alloys, fusible metallic, to regulate 
heat, 278-279 

AUyl isothiocyanate (ftl'H I-86-thI'5- 
sf^nftt), 596 

Almond (ft'mfind; &mffind), bitter oil 
of, 584 

Alsop Hy-Speed electric mixer, 432 


Alumina (a-lfi'ml-na), as filter aid, 
511 

Aluminum oxide, as filter aid, 511 
American Association of Colleges of 
Pharmacy, 42, 121 
Committee on Libraries, 124 
American ('onference of Pharmaceu¬ 
tical Faculties, 42 

American Council on Pharmaceutical 
Education, 88 

American Dental Association, Council 
on Dental Therapeutics, 47 
American Drug Manufacturers^ As¬ 
sociation, 41 
American Druggist ^ 122 
American Druggists^ Circular atul 
Chemical Gazette^ 121 
American Institute of Pharmacy, 40 
American Journal of Pharmaceutical 
Educationy 118, 121 
Americxin Journal of Pharmacy ^ 121 
American Medical Association, 58 
Council on Pharmacy and Chemis¬ 
try, 47 

American Petroleum Institute scale, 
206 

American Pharmaceutical Associa¬ 
tion, 27, 35, 41-42, 47, 58, 106- 
108, 115 

code of ethics of, 61-65 
founding of, 38, 40 
influence of, 41 
membership in, 40, 120-121 
American Pharmaceutical Manufac¬ 
turers' Association, 41 
American phannacists, 98 
American pharmacopoeias, 102-105 
American pharmacy, leadership of, 
121 

Amino (&-m§'n5; am^-n5) acids, 600 
Aminopyrine, 555 
Ammoniac (&-m5'nI-&k), 579 
Amphiprotic substances, 397 
Amygdalin (^mlg'd&-l!n), 596 
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Amylases (ftm'I-lases), 600 
Amylopsin (&m'I-l5p'sln), 600 
Amylum, 568 
Analysis, chemical, 114 
Analytical balances, 164-170 
Analytical chemistry, 71 
Analytical geometry, 73 
Analytical weights, 175-176 
Anatomy, 4, 14, 19 
first book of, 6 

Animal charcoal, as filter aid, 511 
Animal life, small, effect on drugs, 558 
Anions, 388 
AnnaleUy 27, 124, 126 
Anschutz thermometers, 262 
Antibiotics (&n'tl-bl-5t^ks), expira¬ 
tion dates for, 558 
storage of, 555 
Antidotes, 80 

Antioxidants (ftn'tl-Ok'sI-dftnts), 580- 
581 

Antiseptics, 70 

Apothecaries, 20-22, 24-28, 35-37 
early, American, 32 
English, 27-20 
French, headquarters of, 22 
oath of, 60 

Italian, duties of, 20-21 
guild of, 21 

free medical service of, 28-29, 31 
Apothecaries^ Act of 1815, 28 
Apothecaries’ fluid measure (see IJ. S. 
fluid measure) 

Apothecaries guilds, 21-23, 25 
Apothecaries weight, 143 
table of, 143 
use of, 148 

Apothecary shops, 11, 21-23, 29 
Arabian, 11 
early American, 32, 34 
early French, decorated, 23 
inspection of, 28 

Appliances, professional, necessary 
knowledge of, 53-54 


Applied chemistry, books on, 114 
Applied professional subjects, defini¬ 
tion of, 74 

Apprentices, apothecaries’, 23, 25 
medical, 33 

pharmaceutical, 30, 35-37 
Approximate measures, 145-147 
table of, 145 
Arabian hospitals, 10 
Arabian pharmacy and medicine, 9-12 
separated, 10 

Arahin (ar'a-bln), 569-570 
Archimedes’ (ar'ki-me'dez) principle, 
195-196 

Army, French, pharmacists in, 24 
United States, commissions for 
pharmacists in, 92-93 
Arnald of Villanova, 17-18 
Aromatic oils, 562 
Aromatics^ 124 

Arrigoni and Toxier, procedure for 
isotonic solutions, 404 
Arsenic trioxide, 559 
Arsphenamines, 556-557 
Artificial silks, 567 
Asafetida (&s'a-f6t'ti-da), 579 
constituents of, 579 
milk of, 577 

Asbestos (&s-b6s't6s), as filter aid, 511 
Aseptic manipulation, 407 
Ashless filter papers, 503 
Aspirators, 348-349, 516 
Assaying, 114 

Association of American Dairy, Fo.^d, 
and Drug Officials, 41 
Associations, guild-like, in ancient 
Home, 21 

state pharmaceutical, 37-39, 99 
Assyrian medicine, 2-3 
Atmospheric moisture, 297 
Atmospheric pressure, 302 
Atropine, 595 
Attrition mills, 476 
Automatic filtration, 512-515' 
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Avoirdupois /ftv'6r-dti-poiz) weight, 
origin of, 143 
table of, 144 
use of, 147 

B 

Babor and Lehrman classification of 
colloids, 412 

Baby foods, lactose in, 676 
Babylonian medicine, 2-3 
Bacon, Roger, 16-17 
Bacterial filtration, 528-530 
Bacteriology, 70-71, 73 
Balance pans, 178-179 
Balances, analytical, 164-170 
beam-type, 154-155 
care and use of, 176 
cleaning of, 179-180 
compound-lever, 154 
construction of, 150-167 
control of, 22 
dispensing, 159-160 
equal-arm, 153, 156 
grocers’ spring, 154 
Harvard trip, 169 
hydrostatic, 199 
JoUy, 154 

magnetic damping device for, 170 
prescription, 160-164 
sensitivity of, 157-158 
testing of, 179 
torsion, 154-155 
unequal-arm, 154 
Westphal, 200-201 
Balard (bi-lar'), 24 
BaU mills, 471-474 
construction of, 472-473 
Balsams, constituents of, 579 
oleoresinous, 579 
origin of, 578 
as preservatives, 579 
resinous, 579 
sublimation of, 579 


Bandages, 3, 567 
Barber-surgeons, 19 
Barnstead water still, 344-345 
Barometers (b&-r6m’6-t6r), 302 
Barometric pressure, effect on boiling 
points, 303-306 
Bases, divalent, 428 
newer concepts of, 396 
trivalent, 428 
univalent, 428 

Basic sciences in pharmaceutical cur¬ 
riculum, 68-73 
Bassorin (bfts’6-rln), 570 
Baths, air, 282 

constant-temperature, 279-280 
sand, 275 
steam, 279-281 
water, 276 
Baum^* (bd’mS.), 23 
Baum^ hydrometers, 205-206 
Becker analytical balances, 164-165, 
168 

Beckholder’s formula, 530 
Beckmann thermometers, 263 
Beeswax, composition of, 582 
‘‘Beginning Pharmacy," 110 
Beginning pharmacy, 75 
“Beginnings in Pharmacy," 109 
Benzaldehyde (b6n-z&l'd6-hld), 596 
Benzene (bftn'zfin; bfin'zSn), 588 
Benzoin, 579 

Berberine (bffr'b^r-5n), 594 
Berkefeld filter, 528, 530 
Berry, H., 530 

Bethlehem, Pa., first pharmacy in, 34 
Bioassay, 80 
Biochemistry, 72 
research in, 30 
Biological sciences, 69-71 
required courses in, 78-81 
Biologicals, 70-71 
expiration dates for, 558 
storages of, 555 
Biology, 69 
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Bismuth salts, 555 
Bitter almond, oil of, 584 
Blast lamps, 273-274 
Blood, circulation of, 6, 70 
osmotic pressure of, 399-401 
Boards of pharmacy, state, 37 
Boilers, 332 
Boiling, 301-306 

Boiling point, effect of barometric 
pressure on, 303-306 
of a solvent, elevation of, 382 
of water at various pressures, 348 
Boiling-point determinations, 303 
Bolting, 547 
Bolting cloth, 544 
Bone black, 575 
Botany, 6, 73 
applied economic, 112 
courses in, 35 
definition of, 69 

Bottle method of making em\ilsions, 
430 

Bower, J. II., 542 
Brandy, 588 
Hreddin, H., 449 
British imperial system, 147 
Bromine (brO'men; brO'mIn), 24 
HrOnsted’s theory, 397-398 
Brownian movement of fluid colloids, 
416 

Biichner (Btich'ner) funnel, 517-518 
filtering media for, 517 
Buffer systems, 395 
Buffers, 394-398 
alkaline and acid, 403 
Bumping, 334 
Bunsen, Robert, 271 
Bunsen burners, 271-272 
Bureau of Narcotics, pharmacy in, 91, 
93 

Burettes (bfl-r6t'), automatic, 184 
bent, 1^ 
dispensing, 184 
Schellbach, 184-185 


Burettes, (b6-r6t'), straight, 183 
three-way stopcock, 183 
Burgundy pitch, 577 
Burlington, Vermont, first pharmacy 
in, 35 

Burroughs, Wellcome and Company 
31 

Butter, renovation of, 580 
Byzantine pharmacy and medicine, 
12-13 

C 

Caffeine, 595 
Cake sublimates, 370 
Calcination, 318 

Calculations, pharmaceutical, 75 
Calculus, 73 
Calomel, white, 555 
Caloric (ka-l6r'Ik) theory of heat, 246 
Calorimeters, 265-267 
gas combustion, 267 
oxygen-bomb, 266 
sodium peroxide, 266-267 
Cambridge, England, medical school 
established at, 27 
Camphor, 559 

Canadian Pharmaceutical Associa¬ 
tion, 61 

Candidates for pharmacy, 55 
Capillarity, 234-236 
of mercury, 235-236 
of water, 235-236 
Capillary tubes, 235-237 
Caramel (k&r'a-m6l), 575 
Carbohydrates (kar'bo-hl'drat), rela¬ 
tionships of, 572-573 
Carbonization (kar'bdn-I-z&'shttn'l, 
316-318 

Carbo-waxes, 583 
Carr, C. J., 511 
Carragheen (k&r'^-gSn'), 571 
Casein (kfi'sft-In), 426 
Castor oil, 580 
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Catalysts (k&t'A-llst), inorganic, 599 
negative, 560 

Cataphoresis (k&tft-fO-rg'sls), 417 
Cations, 388 

Cell constituents, diffusion of, 445 
Cell walls, permeation of, 445 
CeUs, 69-70 

Cellulose (sfil'O-lds), 566-568 
classification of, 568 
products from, 567 
pure form of, 566 
solubility of, 567 
Cellulose tetranitrate, 567 
Celsus (sSl'sOs), 7 
Centigrade scale, 254 
Centrifugal decantation, 530 
Centrifugal expression, 530 
Centrifugal filtration, 530-532 
Centrifugal machines, for filtration, 
532-533 

for separating liquids from liquids, 
542 

Centrifugal separation, 531-534 
Centrifugal straining, 530 
Centrifugal tube filter, 525 
Ceresin (ser'i-sln), 583 
Cerolein (ser'O-lIn), 582 
Cerotic (s^-rOt'Ik) acid, 582 
Cetyl (sC'tll) alcohol, 432, 582-583 
source and uses of, 583 
Charas (chfir'is), 24 
Charcoal, activated, 317 
wood and animal, 511 
Chemical clarifying agents, 539-541 
Chemical incompatibilities, 460 
Chemical stabilizers, 560 
research on, 663 

Chemical Warfare Services, pharmacy 
in, 91 

Chemicals, effect on drugs, 558 
as preservatives, 559 
Chemistry, 4, 69, 71, 196 
analytical, 71 
biological, 72 


Chemistry, colloid, 411-421 
courses in, 35 
definition of, 71 
general, 71, 77 
inorganic, 71, 77 
pharmaceutical, 114 
organic, 72, 77 
pharmaceutical, 82 
pharmaceutical, 11, 23, 74, 77, 81, 
112-114 
physical, 72-73 
physiological, 72 
plant, 23 

qualitative, 71-72, 81, 114-115 
pharmaceutical, 81, 115 
quantitative, 71-72, 81, 114-115 
pharmaceutical, 81-82, 115 
textbooks on, 112-114 
early American, 113 
(Chemistry of Organic Medicinal 
Products, The,'' 115 
Chemists, early, 29-30 
pharmaceutical, 29-30, 37 
Cherry gum, 570 
Chicago College of Pharmacy, 36 
Chloroform, closures for, 562 
Cholesterol (kO-lfes'tfir-Ol), 432 
Chondrus (kOn'drOs), properties of, 
571 

uses of, 571 
Cinchona, 594 

Cincinnati College of Pharmacy, 36 
Circulatory displacement, 380 
Citric acids, 593 
('ity pharmacopoeias, 24 
German, 100 
(Clarification, 539-541 
Clarified honey, 576 
Clarifying ag^ts, 539-540 
chemical, 539 
Peyer^s, 540 
Qarifying powders, 540 
Clays, as filter aids, 511 
Clinical thermometers, 263-264 
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Closures for bottles and jars, 562-563 
C/oagulation, 541 
Coal-tar products, 366-368 
Codes of ethics, 58, 77 

American Pharmaceutical Associa¬ 
tion, 62-65 
observance of, 58 

Philadelphia C'^llege of Pharmacy, 
60-61 

Codex (kO'dCks), 24, 31, 100, 106 
Cohesion (kO-hS'zhtln) and adhesion, 
234, 247 

Cohobation (ko-liO-ba'shtin), 585 
Colanders, 537 
Colation, 502, 536-537 
Colatorium (kora-tO'rl tim), 536 
Ck)latures, 536 

Cold place, definition of, 556 
College of the Pharmaceutical Society 
of Great Britain, 30 
(k)llege of Physicians, British, 28-29 
College journals, 129 
Colleges of pharmacy, 35-38 
advanced courses in, 95-96 
first conference of, 41 
Collodion (k6-l5'dl tin), 567 
Ck)lloid chemistry, 411-421 
Colloid mills, 433, 478-481 
Colloid systems, classification of, 412 
production of, by condensation, 
419-420 

by dispersion, 419-420 
Cvolloidal dispersions, color of, 419 
production of, 419 
types of, 412-415 

Colloidal state, properties of, 415-418 
substances in, 411, 427 
Colloidal substances, 411, 427 
Colloids, color of, 419 
diffusion of, 415 
fluid, 416 

electric charge of, 417 
as emulsifying agents, 427 
emulsoid, 413 


Colloids, hydrophilic, 427 
importance of, in medicine and 
pharmacy, 414-415 
irreversible, 413 
isoelectric point of, 417 
lyophilic, 412 

lyophobic, 412-413, 416-417 
precipitation of, 417 
properties of, 415 
protective, 418 
reversible, 413 
suspensoid, 413 
Colonial spirit, 591 

Colorimeters (ktil'6r-!m'6-tgr), 231- 

232 

Duboscq, 231-232 

Colorimetry (ktil'er-Im'6-try), 230- 

233 

Columbiam spirit, 591 
Combustion, 270-271 
Ck)mmercial pharmacies, 55-57 
and professional pharmacy, 56 
types of, 86 

Commercial pursuits, nonprofessional, 
55 

Commissions, army, for pharmacists, 
92-93 

Committee on Libraries, American 
Association of Colleges of Phar¬ 
macy, 124 

Committee of revision of National 
Formulary, election of, 106 
Committee of Revision, United Statrs 
Pharmacopoeia, pharmacists on, 
104-105 

**Comn*)nwealth Report,” 56 
Comparator blocks, 393 
(k)mpetition, 54-55 
trade, 56 
unfair, 52, 56 
Compound solvents, 380 
Compounding, 6-7, 47, 50 
prescription, 34, 37, 78 
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Compounds, complex, 565 
National Formulary, 107 
of vegetable and animal origin, 78 
Concrete, floral principle, 586 
Concrete oleoresin, 578 
Condensation, 338-339 
Condensation methods, 420 
Condensers, 332-333, 339-342 
AlUhn reflux, 341-342 
Friedrichs, 341 
Graham worm, 341 
Haliock block-tin coil, 340-341 
Hopkins reflux, 341-342 
Liebig, 340-341 
Soxhlet, 341-342 
worm, 340 
Conduction, 251 
Confectioners’ sugar, 574 
Conference of Pharmaceutical Facul¬ 
ties, 41 

Conference of Schools of Pharmacy, 42 
Congealing point, 286, 294 
of a solvent, lowering of, 382 
Congelation, ^6 

Constant-level hydrometers, 203-204 
Constant-temperature bath, 279 
Contact, surface of, 427 
Containers for drugs, appearance of, 
564 

glass, 560-561 

U.S.P. specifications for, 561 
metal tubes as, 562 
plastic, 562 
research on, 563-564 
tin, 562 

‘‘Continens,” 11 

Continental method of making emul¬ 
sions, 429 

Continuous extraction, apparatus for, 
343 

principle of, 447 
Contraction of liquids, 279 
Contusions (k5n-tU'shfln), 482-483 
Convection, 251 


Conventions, general, for compiling 
national pharmacopoeia, 103-104 
Pharmacopoeial, 104-105 
Conversion of thermometer readings, 
255-256 

Convolvulin (kftn-vfil'vti-lln), 577 
Copaiba (k5-p&'bA), 578 
balsam of, 566 

Corrosive acids, closures for, 562 
(\)8moline, 588 

Ck>tgrave’s definition of emulsion, 423 
CV)tton, absorbent, 566-567 
characteristics of, 566 
medicated, 567 
nonabsorbent, 566 
source of, 566 
Cotton wool, 567 

Council of Dental Therapeutics, ‘‘Ac¬ 
cepted Dental Remedies,” 47 
Council on Pharmacy and Chemistry, 
American Medical Association, 
“ New and Nonofficial Remedies,” 
47 

Counter prescribing, 28 
Courses of study, applied professional, 
74, 81-82 
evening, 35 
graduate, 94-96 
laboratory, 37 

professional, cultural and elective, 
82-83 

required, 74-78 
Covalent compounds, 388 
Creaming, 426 
Crucibles, alundum, 518 
Gooch, 518 
holders for, 518-519 
sintered-glass, 518 
Crude turpentine, 578 
Crushers, cone type, 476 
saw-tooth, 474-475 
spiral roll, 476 
Crystal sublimates, 371 
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Crystal systems, cubic, 464 
hexagonal, 464-465 
monoclinic, 465 
orthorhombic, 464 
tetragonal, 463 
triclinic, 465 

Crystallization, interrupted, 466-469 
methods of, 462-463 
Crystals, 462 
efflorescent, 466 
forms of, 463-465 
water in, 465 

Cultural subjects, definition of, 82 
list of, 82 

Culture media, 571 
Cutocellulose, 568 

D 

Dalton’s law of partial pressures, 297 
Dark Ages, pharmacy and medicine 
in, 13, 17 

Dates of first pharmacies in U. S., 34 
Davis, Charles B., 512, 514 
Dawson, John W., 516 
Dawson and Dehn hot filtration 
apparation, 515-516 
Decantation, 530 
application of, 497 
history of, 496 
lotion by, 496 

by means of siphon, 498-499 
simple, 497 

Decantation racks, 497-498 
Decoctions, example of, 4^ 
preparation of, 442 
preservatives for, 443 
Decoloration, 538-539 
Decrepitation, 319, 466 
Deflagation, 319-320 
Degrees, master of pharmacy, 35 
pharmaceutical chemist, 37 
requirements for, 35 
Dehn, W. M., 516 
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Delegates, to general pharmacopoeial 
convention, 103 
Deliquescence, 466 
Denaturant chemicals, 590 
Denatured alcohol, 590 
Dennis, L. M., 291-292 
Density, 194 
Dentistry, 4, 32 

(See also Diseases, dental) 
Deodorization, 542 
Dessication, 306-312 
Dessicators, 308-311 
vacuum, 310 

Destructive distillation, 365-368 
Detergents, 239 
Deterioration of drugs, 553 
Dextrin, 568-569 
Dextrose, 569, 576 

source, properties and use of, 573 
Diacolation, 449 
Dialysis, 501 
apparatus for, 415 
continuous lotion by, 501 
Diatoms, 571 
Dietetic materials, 25 
Differential osmotic factor, 402 
Differential thermometers, 262-263 
Diffusion of colloids, 415 
Digestion, 70, 539, 598 
process of, 442 
Digitogenin, 595 
Digitonin, 595 
Dioses, 572 

Direct distillation, 585 
Disaccharases, 600 
Disaccharides, 574-576 
Disease, ancient attitudes toward, 2 
ancient knowledge of, 2 
spread of, 1 
theories of, 20 
Diseases, bacterial, 1 
dental, 4 

communicable, 53, 70, 80 
of domestic animals, 7 
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Diseaaes, prevention and control of, 
70, 80 

Disintegrators, 47^77 
Dispensaries, 34 

Dispensatories, American, 107-108 
‘‘Dispensatorium,'^ 105 
Dispensing, pharmaceutical, 77, 111 
Dispensing assistant, 29 
Dispensing balances, 159-160 
Dispensing burettes, 184 
Dispensing chemists, 29 
Dispensing pharmacy, 77 
Dispensing and prescription practice, 
111 


Dispensing weights, 173-174 
Dispersal phase, 425 
Distillation, apparatus for, 332-338 
and bumping, 334 
destructive, 316, 365-368, 586 
direct, of volatile oils, 585-586 
fractional, 352-361 
under reduced pressure, 359-361 
and frothing, 336 
history of, 332 

under reduced pressure, 346-352 
steam, 361-365 
vacuum, 586 

Distillation receivers, 360 
Distilled water, 344-346 
Distilling columns, 557 
Distilling flasks, 335-336, 342 
DistiUing traps, 312, 337 
Distribution coefficient, 386 
Distribution constant, 388 
Distribution ratio, 386 
Divalent bases, 428 
Dried drugs, cellular structure of, 444 
^pppers, standard, 189-190 
Mjmg act, first national, 40 
Drug clubs, 53 

Drug column, height and width of, 447 
Dpt$ guilds, 58 

manufacturers, mailing lists of, 
48 


Drug Topics^ 121 
Drug-trade industry, 29 
Druggists, 40 
early, 29-30 

y^^’DruggiM Circular^ 121 
Drugs, 6-7, 11, 14, 21, 33 
action of, 69 
on animals, 80 
poisonous, 80 
adulterated, 28, 33 
animal, determination of moisture 
in, 311-312 

subdivision of, 470-471 
causes of deterioration of, 554-560 
cellular structure of, 441 
containers for, 560-564 
extracted, 20 
extraction of, 342-343 
fire hazard to, 563 
imported, 39-^ 
inferior, 28, 33, 38 
^jbianufacture of, 31 
mechanical subdivision of, 470-485 
package sizes for, 563 
potent, 80 

^sterilization of, 563 
Vjsforage and preservation of, 553^ 
564 

research on, 563-564 
strength of, 80 
therapeutic uses of, 79 
vegetable, determination of mois¬ 
ture in, 311-312 
extraction of, 342-343 
Drugstores, 35, 86 
cut-rate, 52 
Dry distillation, 583 
Dry starch, uses of, 569 
Drying by absorption, 537-538 
Drying agents, 309 
efficiency of, 542-543 
Drying oils, 581 
oxidation of, 581 
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E 

“Ebers Papyrus,” 440 
Ebullition, 301-306 
Eclectic scMbol of medicine, 108 
Ecuille, 586 

Education, pharmaceutical, 35, 77-78 
Efflorescence, 466 
Egyptian medical practices, 3-4 
Egg yolks, 424 
as emulsifying agents, 431 
Elective subjects in pharmace\itical 
curriculum, 82-83 
list of, 83 

Electric charge of colloids, 416-417 
Electric mixers, 432 
F^lectric ovens, 282-283 
Electricity, 73 
as source of heat, 270 
Electrolytes, 387 
precipitation of, 417 
strong, 388 
weak, 388 

Electrophotometer, 232-233 
Electroplating, 463 
Eleoptenes (6r6-5p't6n), 583 
Elixir of life, 11, 19 
Ellsworth, R. E., 119 
Elutriation (5-lQ'trI-a'-shttn), 485, 
538, 550 

Emulgences (ft-mOrjens), 423 
Emulgent (6-mttl'jfent), 423 
Emulgere, 423 

Emulsification (6-mtil's!-fI-ka'shftn), 
423 

modern theories of, 425-427 
Emulsifiers (6-mtil'sI-fI'cr), mechani¬ 
cal, 430, 433 
Phenix, 432 
variable speed, 432 
Emulsifying agents, 424, 43Q-432, 435 
colloidal nature of, 427-428 
nature of, 435 
newer, 431 


Emulsifying agents, in o^cial emul¬ 
sions, 434 

Emiilsin (^-mUl'stn), 596 
Emulsion machines, 432-^34 
Emulsion phases, 425 
Emulsions, 423 

adding flavoring agents to, 436 
air in, 434 

alcohol as preservative for, 435 

artificial, 424 

breaking of, 436 

broken, 426 

color of, 435 

constituents of, importance of, 435 
cracked, 426 
definitions of, early, 423 
modern, 424-425 
dilution of, 437 
distinguishing types of, 437 
and electric current, 437 
of fixed oils, 429 
flavoring agents for, 434 
flavors for, 436 
homogenized, 433 
incompatibilities in, 436 
ingredients of, 435 

favorable proportions of, 429 
making of, 426 
bottle method, 430 
continental me^ 

English metho^l 
medicinal, 425 

microscopic examination of, 433 
mineral-oil, 435 
natural, 423-424 
notes concerning, 435 
official, 434 
oil-in-water, 426, 428 
packaged, 434 
permanent, 426 
pharmaceutical, 426 
preparation of, 428 
preservatives for, 431, 435 
primary, 429 
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Emulsions, seed, 424 
solid, 435 

success in making, 429 
sweetening agents for, 436 
temporary, 424, 426 
theories of, absorptive-film, 428 
hydration, 428 
molecular orientation, 428 
surface-tension, 428 
viscosity, 428 
transparent, 435 
water-in-oil, 428 
Emulsoids (6-mOrsoid), 413 
Enfleurage, 586 

England, pharmacopoeias of, 101 
pharmacy in, 27-31 
English method of making emulsions, 
429 

Enz,, W. F., 449 
Enzyme (ftn'zim) activity, 598 
Enzyme media, 599 
Enzymes, adsorption of, 598 
amylolytic, 569 
catalytic action of, 598 
chemical structure of, 599 
classification of, 600 
colloidal nature of, 599 
and digestion, 598, 600 
dried products of, 600 
effect of antiseptics on, 600 
existence df, 6W 
importance of, 601 
to industry, 599 
to life, 599 
inactivation of, 600 
pH range of, 599 
protein nature of, 599-600 
protein properties of, 598 
proteolytic, 599 
reactions of, 599 
sensitivity of, 599 
separation of, 598 
sources and behavior of, 598 
specific .action of, 599 


Enzymes, temperature effects on, 599 
Equipment for pharmacy, list of, 609- 
610 

minimum, 50 

Equivalents, fundamental, list of, 
148-149 

Erepsin (6-r5p'sIn), 600 
Ethanol (6th'a-n6l), 588-589 
Ether, 560, 589 
Ethics, codes of, 58 
medical, 68 

principles of, 65 
Ethyl alcohol, uses of, 589 
Eutectic (d-tfek'tlk), 384 
Eutectic mixtures, 383-385 
Eutectic temperature, 384 
Evaluation of heat, 252 
Evaporation, 294-301 
factors influencing rate of, 299 
Examinations, apothecaries*, 22 
apprentices', 23 

Excessive heat, definition of, 556 
Excessive temperature, definition of, 
556 

Executive Committee of U.S. Phar¬ 
macopoeia! Convention, 105 
Exhaustion of drugs, 440, 454 
chemical testing for, 455 
detection of, 454 

Expansion, of gases, liquids and solids, 
247-249, 279 
coefficients of, 247-248 
Expiration dates for drugs, 558 
Expression, 441, 487, 530 
by hand, 489-490 
history of, 487-489 
by presses, 489-492 
of volatile oils, 586 
Exsiccation, 312-315 
Extract of malt, function of, in emul¬ 
sions, 435 

Extraction, apparatus for, 342-343 
of barks, seeds and roots, 441 
choice of solvent in, 454 
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Extraction, coarse vs, fine powders in, 
454 

condition of drug in, 441 
continuous, 447-448 
efficiency of, 445 
fineness of powders in, 445 
interferences with, 453 
by means of immi8ciV)le solvents, 
385-387 

of medicinals, 441 
process of, 440-441 
purpose of, 443 
Extractives, 440 
Extractors, 342-343 
Lloyd, 448 
Soxhlet, 342, 447 
Bhcudate (feks'O-dat), dry, 578 
Exudate drugs, 569 

F 

Face powders, 568 
Fahrenheit scale, 253-254 
Fats, 579-582 
acid value of, 582 
animal, 581-582 
rendering of, 581 
color of, 579-580 
composition of, 582 
ester value of, 582 
fixed, 579, 581 
formation of, 579 
hydrolysis of, 600 
iodine value of, 582 
liquid, 580 
odors of, 579-580 
and oils, constituents of, 582 
methods of obtaining, 581 
origin of, 570 
physical properties of, 580 
plant, 580 
processed, 580 
properties of, 570 
rancidity of, 580 


Fats, saponification value of, 582 
solubility of, 580 
stabilizing of, 580-581 
tests for, 582 
vegetable, 582 
Fatty acids, 593 

Federal Food, Drug, and Ck)8metic 
Act of 1938, 47, 72, 93, 104, 107 
Federal Food and Drug Law, first, 47 
of 1906, 104 

Federal Wholesale Druggists’ Asso¬ 
ciation, 41 

Fermentation, Pasteur’s definition of, 
598 

process of, 589 
varieties of, 598 
Ferments, 598 
Filter aids, 540 
Filter candles, 528-529 
Filter cones, 519 
Filter flasks, 517 
Filter leaf, 521 
Filter paper, ashless, 503 
methods of folding, 503 
Filter presses, 522-523 
Filter pumps, 516 
Richards, 516-517 
Filter replenisher, automatic, 512 
Filtering medium, 502 
for Buchner funnel, 517 
Filters, Berkefeld, 528, 530 
multiple-candle, 529 
centrifugal tube, 525 
Doulton, 530 
fritted-glass, 530 
Mandler, 528-530 
Montejus, 522-523 
Pasteur-Chamberland, 528, 530 
plain, 504 

plaited, 505, 507-508 
rapid, 520 
repeating, 519-520 
Seitz, 528, 530 
sintered-glass, 530 
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Filters^ streamline, 526 
Filtrate, 502 
Filtration, 501 
aids to, 510 
automatic, 512-515 
bacterial, 52^530 
centrifugal, 530-532 
continuous, 512-515 
factors influencing, 502-503 
Poiseuille^s law, 502 
history of, 502 
hot, 515-516 

acceleration of, 516 
meta-, 526 
micro-, 523-526 
pressure, 521-524 
rules for conducting, 532-536 
semimicro-, 524 
simple, assembly for, 535 
streamline, 526-528 
suction, 516-521 
assembly for, 517 
ultra-, 524-526 
Fineness of powders, 546-547 
Fire, as hazard to drugs, 563 
First aid, 53, 79, 81 
Fisher-Davidson gravitometer, 196, 
200-211 

Fisher refractometer, 226 
Fixed fats, 579, 581 
Flasks, filter, 517 
suction, 351 
vacuum, 351 
volumetric, 182 
Flavors, for emulsions, 436 
Flocculation (fl6k-fi-lfi'shfin), 541 
Florentine receivers, 364-365, 542 
Fluid measure, U.S., 144r-145 
Fluidextraeta, 557 
Foams, 414 

Food and Drug Administration, phar¬ 
macy in, 91 

regulatory duties of^ 93 
Forcible spraining, 487 


Formularies, European, 105-106 
hospital, 106 
United States, 106-107 
Formulas, ancient Creek, 7 
''Four Thousand Years of Phar¬ 
macy,” 117 

Fractional distillation, 352-361 
Fractionating columns, 357-358 
Fractionating receivers, 360 
France, pharmacy in, 22-24 
Freezing, 286 

French apothecaries, oath of, 60 
Friction, as source of heat, 269 
Fritted-glass filters, 530 
Frothmg, 336-338 
Frothing glucosides, 597 
Fructose, 574 

Fruit juices, gelatinization of, 57l 
Fruit sugar, 574 

Fuels, gaseous, liquid and solid, 270- 
271 

Fundamental principles and processes 
of pharmacy, 75 

"Fundamentals of Pharmacy,” 110 
Fungus, effect on drugs, 558-559 
Funnel supports, 510 
Funnels, 508-509, 513-515, 519 
agateware, 508 
Buchner, 517-518, 520-521 
earthenware, 508 
enamel, 508 
glass, 508 
Gooch, 520 
granite, 508 
hard-rubber, 508-509 
hot-water, 513, 515 
metal, 50^509 
porcelain, 508 
separatory, 541-542 
Fusel oil, 589 

Fusible metallic alloy baths, 279 
Fusion (fa'zhtin), 286-294 
latent heat of, 287 
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G 

Galactose (ga-l&k't6s), 671, 676 
Galbanum (garb^ntim), 679 
Galen (ga'l6n), 6 8, 12-14, 19-20 
Galenical (gft-l6n'Ik-al) pharmacy, 77 
Gamboge (gam'bSj'), 579 
Garbling (gar'bllng), 544 
Gas burners, 271-274 
Gases, separation from gases, 542-543 
separation from liquids, by aera¬ 
tion, 542 

by deodoration, 542 
solutions of, in liquids, 275-276 
Gauzes, absorbent, 567 
medicated, 567 

Gelatin (jai'a-tln), 426, 431, 539 
as a chemical clarifying agent, 539 
Gelatinization, prevention of, 572 
Gelose (j^ros), 571 
Gels, 413 

General chemistry, 71 
General physiology, 69 
Generation of heat, 269-271 
Geometry, analytical, 73 
German pharmacopoeias, 100 
German publications in pharmacy, 
124-128 

Germany, pharmacy in, 25-27 
Germicides, 70, 408 
Glass containers for drugs, 561-562 
Glassware, care and Use of, 190 
sterilization of, 405-406 
Glucose (gloo'kOs), 573 
Glucosides (gloo'kO sid), 596 
Glycerin, 689, 691-592 

as a by-product of soap, 692 
crude, 692 

fatty-acid estera of, 679 
medicinal uses of, 591 
preservative properties of, 691 
purification of, 592 
solvent uses of, 591 
source, properties, and of, 691 


Glycerin, synthetic, 582, 592 
Glycerite (glls'6r-lt) of egg yolk, 431 
Glyceryl trioleate, 582 
Glyceryl tripalmitate, 582 
Glyceryl tristearate, 682 
Glycogen (gli'k5-i6n), 569 
Glycosides, 595-597 
actions of, 595 
cardiac, 596, 698 
characteristics of, 596 
complexity of, 595 
enzymes of, 596 
frothing, 597 
hydrolysis of, 596 
natural combinations of, 696 
nomenclature of, 596 
nonsugar products of, 596 
nontoxic, 597 

occurrence and definition of, 595 
official, 596 
sterol, 598 
synthetic, 596 
tests for, 596 
use of, to plants, 597 
Golden Ball, apothecary shop, 34 
Golden Mortar, apothecary shop, 35 
Gooch crucible, 518 
Graduate work in pharmacy, 94 
Graduates, conical, 181 
cylindrical, 181-182 
Granulation (gran'fi-la'shfin), 466- 
469 

tablet, 467 
Granulators, 467 

Great Britain, Pharmaceutical Society 
of, 29, 113 

pharmacopoeias of, 30 
Greek medicine, 4-7 
Greisheiraer, E. M., 600 
Guaiac (gwi'&k) resin, 577 
Guilds, 21-23, 26, 28 
Gum arable, 670 
Gum bensoin, 566 
Gum opium, 566 
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Gum resinSi 424 
activity of, 579 
properties of, 577-578 
Gums, 569-570 
solutions of, 5to 
true, 569 

H 

“Handbook of Pharmacy,“ 109 
Health agencies, pharmacists' co¬ 
operation with, 80 

Health regulations, necessary knowl¬ 
edge of, 80 
Heat, 73 

applications of, 286-373 
to aid solutions, 380 
of dilution, 382 
evaluation of, 252-253 
by calorimeters, 665 
generation of, by burners, blast, 273 
Bunsen, 271 
high-temperature, 272 
by combustion, 270-271 
by electricity, 270 
by friction, 269 
by Ught, 269-270 

quantitative units for measuring, 
265-267 

regulation of, 274-278 
of solution, 382 
specific, 26^269 
theories of, caloric, 246 
molecular-motion, 246-247 
phlogiston, 245-246 
transmission of, by conduction, 251 
by convection, 251-252 
by radiation, 251-252 
of vaporization, 295-296 
table for, 296 

Heat units, British thermal, 265 
caloric, 265 
kilogram-calorie, 265 
Hempel gasrabsorption pipettes, 543 
Henry’s law of gases, 376 


Herbs and plants, 4, 7-8, 31, 98 
Herophilus (h^-rftf'I-ltts), 6 
Hexoses (hfik’sOs), 573 
Hippocrates (hl-p6k'r^t6z), 5-6, 11, 
13, 18 

“Hippocrates’s sleeve,” 537 
Hippocratic oath, 5, 68-59 
Historical pharmaceutical literature, 
98-118 

“Historical Sketch of the Progress of 
Pharmacy in Great Britain,” 116 
“History of Pharmacy,” 118 
History of pharmacy, 1-44 
definition of course in, 76 
literature on, 115 
place of in curriculum, 77 
through study of periodicals, 118 
History of Pharmacy and Medicine,” 
98 

Hocking, George M., 122 
Hoffmann, Frederick, 114 
Holders, crucible, 518-519 
for expression, 489 
Hollister Pharmaceutical Library 
Fund, 100 

Homeopathic Pharmacopoeia of the 
United States, 107 

Homogenization (h5-m6-j6-nl-za'- 
shtin), effect of, 433 
Homogenizers (h5-m6’i6-nlz-Sr8), 
hand, 434, 482 
laboratory, 481 
power, 434 
Honey, clarified, 676 
composition of, 574 
source and uses of, 576 
Hospital pharmacy, 86 
opportunities in, 88 
Hospitals, in Arabia, 10 
early Christian, 14 
Marine, 94 
Roman, 14 
in Spain, 11 

Hot-water funnels, 513, 515 
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House organs and publications, 48, 
128-129 

Humidity (hu-mid'l-tl), absolute, 297 
atmospheric, 297 
relative, 297 

determination of, 297-299 
Husa, W. J., Ill 
Husemann, Theodor, 100 
Hydracids (hl-dr&s'Id), 593 
Hydrates, 466-466 

Hydraulic presses for expression, 491- 
492 

Hydrocarbons (hl'drO-kar'bfin), 
classes of, 587 
definition of, 587 
gaseous, 587 

pharmaceutical, source of, 587-588 
properties of, 587-588 
purification of, 587 
therapeutic value of, 587 
Hydrogen ion concentration, calcula¬ 
tion of, from pH, 393 
Hydrometers (hl-drOrn'C-ters), Baum6, 
205-206 

constant-level, 203-204 
Nicholson’s, 203-204 
Twaddell, 2!06 
types of, 202, 205 
use of, 202-204 
wine and must, 205 
Hydronium ion, 397 
Hydrophils (hl'dr6-fll), 412 
Hydrostatic (hl-drO-st&t'lk) balance, 
198-199 

Hygiene, personal, 11, 81 
public, 3, 53 

Hygrometers (hl-gr6ra'6-t6r), 297-298 
Hygroscopic substances, 466 
Hypertonic (hl-p6r-t6n'lk) solutions, 
399 

I 

Iatrochemistry (T-Et'rH), 
113 


Ignition (Ig-nlsh'tln), 318-319 
Immiscible (l-mls'!-b’l) solutions, 377 
Immunity (I-mu'nI-tl), 70 
Immunology (Im-fi-nttrO-jl), 70 
Incineration (In-sin-gr-a'shttn), 318- 
319 

Incompatibilities (ln'k6m-p&t-l-bll'l- 
tez), 460 

“Incompatibilities in Prescriptions,” 
111 

Incubators, 284 
Indicators, 391 

Indulgences (In-dtirjgns), 423 
Industrial laboratories, pharmacy in, 
94 

Infusion (!n-fu'zhttn), constituents 
extracted by, 442 
example of, 442 
expression of residue in, 442 
process of, 442 
and soaking, 442 
Infusion jars, 443 
Infusions, general formula for, 442 
official, 442 
uses of, 442 
Inorganic acids, 592 
Inorganic chemistry, 71 
bibliography on, 114-115 
Inorganic pharmacy, 77 
Insects, effect on drugs, 558 
Insippation, 407 

Instruments, for measuring volume, 
180-191 

weighing, 153-154 

Interfacial tensions, applications of, 
239 

International Bureau of Weights and 
Measures, 136, 172 
Interstitial water, 320, 466 
I^|troductory pharmacy, 75 
Inulin an'd-Un), 669 
Invert sugar, 574 
Iodine (l'6-dln), 24, 463 
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lanixation p'On-I-z&'ehtin), 387-^94 
conditions influencing, 388 
significance of, 388 
Ions, 387 
Irish moss, 571 
mucilage of, 431 

Isoelectric (i'sO-^lCk'trlk) point of 
colloids, 417 

Italy, national pharmacopoeia of, 99 
pharmacy in, 20-22 

J 

Jalap (j&l'&p), resin of, 577 
Jelley, E. E., 226 
Jellies, lubricating, 570 
Jewish medical beliefs, 3 
Johns, I. B., 290 
Jolly spiral balance, 142 
Journal of the American Medical Aaeo- 
ciation, 48 

Journal of the A merican Pharma¬ 
ceutical Association, 48, 115, 120 
Practical Pharmacy Edition, 48, 121 
Scientific Edition, 48 121 
Journals, chemical, 129 
medical, 129 

nonpharmaceutical, 129-130 
of pharmacy, 23-24, 27, 118-128 
abbreviations and history of, 
124 

as aids to teaching, 122 
college, 129 
list of, 124-128 
oldest, 121 
trade, 119-120, 123 
Jurisprudence, pharmaceutical, 76 

K 

Ko<Hie» Ernestine, 524 
Krants, John C., 511 
Kump, William, 525 


L 

Lacqiiers (l&k'6r), 568 
Lactase (l&k'tfts), 600 
Lactometers (l&k-t6m'H-l^r), 207 
Lactose (l&k'tfts), 574-576 
a^, 575 
/3-, 575 

sources, properties and uses of, 575 
Langmuir^s theory of molecular ori¬ 
entation, 428 
Lard, 581-582 

Latex (la'teks), emulsionlikc quality 
of, 424 

Latin, pharmaceutical, 78, 103 
Lavoisier, 246 
Law of partition, 385 
Laws, United States, food and drug, 
104 

regulating pharmacy, 37-39, 54, 95 
Leaching (ICch'Ing), 443 
Lee, C. O., 122 

Leighton (la'ttin), early apothecary, 
34 

Levigation (l6-vlg-a'shtin), 485, 550 
Levulosan (Ifiv'U-lOs-ftn), 575 
Levulose (I6v'0-l5s), 574 
Lewis, G. N., 397 

Libraries, private professional, 48-50, 
99 

public, 48 
school, 98-99, 123 
scientific, 48 
Licenses, medical, 28, 83 
for pharmacy, 33 
lichinen (ll'hln*^)^ ^69 
Light, 73 

effect on drugs, 555 
as source of heat, 269-27Q 
Lignocellulose Glg'nb-sarffdOs), 568 
Lilly, Eli, and Company, 128 
Lime Liniment, as example of emul¬ 
sion, 428 
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Lipases Olp'to), 600 
Liquid baths to regulate heat, 278 
Liquid fats, constituents of, 582 
Liquid glucose, properties of, 573 
Liquid paraffin, 588 
Liquid petrolatum, heavy, 588 
light, 588 

Liquids, colored, storage of, 562 
expansion of, 248-249 
fractional distillation of, 352-361 
miscible, classes of, 354 
milling of, 480 

separation of gases from, 542 
separation from liquids, 541-542 
separation from solids, 487-493 
separation of solids from, 501-538 
solutions in, 375-378 
specific gravity of, 196-211 
steam distillation of, 361-365 
superheating of, 334 
volatile, 559-560 

Literature (see types of literature, as 
Journals, Pharmacopoeias, etc.) 
Lixiviation (llk-stv-I-a'shfin), 443, 493 
Lloyd, J. U., 448 

Lloyd extractor and concentrator, 
448 

I.(Ondon University, College of the 
Pharmaceutical Society of Great 
Britain, 30 

liotion (15'shiln), 493-501 
continuous, 495-499 
definition of; 493 
history of, 493 

simple or discontinuous, 493-495 
theoretical considerations of, 500- 
501 

using Marsh’s formula, 500-501 
Lovi’s beads, 208 
loyalty to profession, 56, 58 
Uyophilic (lf-6*fll'lk) coUoids, 412 
Uyophobes (ll'O-fOb), 418 
Lyofobic colloids, 412M118 


M 

Maceration (m&s-gr-a'shtln), 441-442, 
586 

application of, 442 
in percolator, 452 
period of, 445 
preliminary, 445 
process of, 441 
Maceration jars, 442 
Magna Charta (m&g'na kar'ta) of 
pharmacy, 15 

Maimonides (m!-m6n'l-d6z), oath and 
prayer of, 60 

Maltose (m6rt6s), 574, 600 
manufacture and properties of, 576 
from starch, 569 
Mandler filter, 506 

Manometers (ma-n6m'5-ter), 351-352 
Manufacture, of medicinal prepara¬ 
tions, 50 

of meritorious products, 50-51 
in the pharmacy, 50 
Manufacturing pharmacists, 94 
Marc (mark), 440 
menstruum in, 454 
methods of expressing, 454 
Marine Hospital Service, pharmacy 
in, 94 

Marine plants, extraction of, 443 
Marsh, G. Everett, 500 
Maryland College of Pharmacy, 36 
Mass, 141-142 

Massachusetts College of Pharmacy, 
36 

Massachusetts Pharmacopoeia, 102- 
103 

Mastic (mfts'tik), 577 
Materia medica, 4, 7, 14, 20, 70, 111- 
112 

Arabian, 12 
books on, 112 
corruption of, 120 
courses in, 35 
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Materia medica, definition of, 79 
and pharmacognosy, 109 
Mathematics, pharmaceutical, 75 
Matter, 71, 73 

physical properties of, 194-242 
Maximum and minimum thermome¬ 
ter readings, 264-265 
Mayer’s reagent, 595 
Mayonnaise, as example of emulsion, 
424, 431 

Mease, James, 35 
Measurement, gravimetric, 141 
of heat, 252-253 
linear, 133 
origin of, 133 
volumetric, 138, 144-147 
Measures, approximate, 145-147 
British imperial, 147 
glass, care and use of, 190-191 
U.S. fluid, 144-145 
Medical act, first (British), 28 
Medical Administrative Corps, phar¬ 
macy in, 92 

Medical Administrative Officers’ Re¬ 
serve Corps, pharmacy in, 92 
Medical botanists, American, 116 
Medical Department of Navy, phar¬ 
macy in, 92 
Medical ethics, 65-66 
Medical practices (see Medicine) 
Medical schools, ancient, 5 
in England, 27-28 
in Middle Ages, 14, 17 , 

CSee also names of schools and 
universities) 

Medicaments, sale of, 25 
toxic, 79 

Medicinal preparations, 50 
manufacture of, in the pharmacy, 
50 

Medicinal substances, inorganic, 81 
synthetic organic, 82 
Medicine, American, 31 
Arabian, 9-12 


Medicine, Assyrian, 2-3 
Babylonian, 2-3 
Byzantine, 12-13 
early manufacture of, 33 
Egyptian, 3-4 
Greek, 4-7, 13 
internal, 20 
in Middle Ages, 13-15 

and pharmacy, separated, 15, 33 
and pharmacy, 10-11, 23, 28, 32-34 
preceding Renaissance, 15-18 
of primitive people, 1-2 
and religion, 3-5, 7-8, 14, 16-17, 
32-33 

in Renaissance, 18-20 
feoman, 7-9 
Sumerian, 2-3 
Medicine droppers, 541 
Melting, 286 
apparatus for, 290-291 
Melting-point determinations, 287- 
294 

Membranes, semipermeahle, 371 
Menstruum (mSn'strdb-ttni), 440 
additions of, 445 
minimum of, 454 
Mercers, 28 
Merck Reportj 162 
Metafiltration, 526 
Metallic alloy baths, 278 
Metarabin (m6t-ftr'a-bln), 570 
Methanol (m5th'arn5l), properties of, 
591 

* 

purification of, 591 
toxicity of, 591 

Methyl alcohol, synonyms for, 591 
Methyl arbutin, 596 
Met hylic spirit, 591 
Metric system, 134-141 
advantages of, 140 
linear units in, 136 
origin of, 134-135 
volume unite in, 136 
weight units in, 140 
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Metrology (mMr6r6-jl), 13^191 
Meyer, M., 122 
Microburettes, 185-186 
Micro filtration, 524-626 

Koone’s apparatus for, 524-625 
Middle Ages, pharmacy and medi¬ 
cine in, 13-15 • 

Midland Druggist, 122 
Milk, eraulsionlike quality of, 424 
Mills, attrition, 476 
ball, 471-474 
colloid, 478-480 
crusher, 474 
cutter, 476 
disintegrator, 476 
jar, 474 

ointment, 477-478 
pebble, 474 
pot, 474 
stone, 474 
tube, 474-475 
Mineral fats, 587 
Mineral oil, white, 588 
Mineral wax, 587 

Minimum equipment of the phar¬ 
macy, 50 

lists of, 50, 609-610 
Ministers, early, as physicians, 32 
Miscible liquids, 354-366, 377 
milling of, 480 
Mixers, electric, 413 
for tablet granulation, 468 
Mohr, Carl Friedrich, 108 
Moisture, effect on dr\igs, 554-556 
Moisture determinations, 311 
by toluene method, 311 
Molasses, 674 

Mol^ular-motion theory of heat, 246 
Moments, principle of, 166 
Monk medicine, 14 
Monosaccharides (m&i'd-sAk'drrIds), 
673 

Monoees (mOii'Os), 672 

Montejus (m6nt'*hU) filters, 521’'522 


Moody, A. H., 497 
Morgan, John, 34 
Morphine (m6r'f5n), 24, 594-595 
Mortars, 471, 482-484 
Mucic (ma'slk) acid, 569 
Mucilages (mu'sl-llj), preservation of, 
570-571 

properties of, 570 
Mullers, 471, 485 
Mulling, 485 

Mumford, Kenneth O., 519 
Muslin for bandages, 567 
Mustard, volatile oil of, 584, 596 
Myricyl (mlr'1-sll) palmitate, 582 
Myroain (mlr'6-sln), 596 
Myrrh (mfir), 577, 579 
constituents of, 579 

N 

National Association of Boards of 
Pl^armacy, 41 
Btdleiin, 121 

National Association of Manufac¬ 
turers of Medicinal Products, 
54 

National Association of Retail Drug¬ 
gists, 54, 61 
Journal, 122 

National Conference on Pharmaceu¬ 
tical Research, 41 
“National Dispensary, The,’^ 108 
National drug acts, first, 40 
National Drug Trade C^nferenc' 41 
“National Formulary, The,” 47, 50, 
70, 75, 78, 81, 105-107 
arrangement of, 106 
first, 106 

as a legal standard, 47, 106 
monographs of, 107 
precursor of, 106 
revisions of, 99, 106 
supplements to, 99 
usefulness of, 107 
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National Medical Conventiori of 1930, 
104 

National organizations of pharmacy, 
38, 40-42 

National pharmacopoeias, historical 
significance of, 101 
Spalding’s plan for, in U.S., 103 
National Retail Drug Clerks^ Associ¬ 
ation, 41 

‘^National Standard Dispensatory,” 
108 

National Wholesale Druggists’ Asso¬ 
ciation, 41 
Natural gas, 587 

Natural products, chemical composi¬ 
tion of, 566 
classes of, 565 

Navy Medical Service Corps, 92 

Neoarsphenamine, 557 

“Mew and Nonofhcial Remedies,” 

47 

as unofficial standard, 47 ^ 

New York and Brooklyn Formulary, 
106 

New York City pharmaceutical con¬ 
vention, 103 

New York College of Pharmacy, 36 
New York Hospital, 103 
Pharmacopoeia of, 103 
“New York Pharmacopoeia,” 103-104 
Newer concepts of acids and bases, 
896 

Nichol (nlk’td), 198 
Nicholson’s hydrometer, 203-205 
Nicola, E., 400-402 
Nicola’s formula, 402 
Nicotine (nlk'6-t6n), 594 
Nitroglycerin (nl-trO-glls'Sr-In), 592 
Spirit of, 592 
tablets of, 592 
Nonaqueous solvents, 875 
Nonsugars, 573 
Northwestern Druggist, 122 


O 

Oath, of French apothecaries, 60 
Hippocratic, 5 

and prayer of Maimonides, 53 
Obligations of the pharmacist, as a 
man, 53 

as a public servant, 53 
Occupations open to trained pharma¬ 
cists, 89 

Odor, of alcohol, 589 
of fats, 579-580 
terebinthinate, 584 
of volatile oils, 584 
Official Register^ 127 
Ogilvie’s definition of emulsion, 423 
Oily Paint and Drug Reporter y 122 
Oil, of bitter almond, 584 
of mustard, volatile, 584, 596 
paraffin, 588 
of theobroma, 580 
of turpentine, distillation of, 585 
Oils, 579-582 
bleaching, 581 
crude, 581 
drying, 581 
fixed, 581 

methods of obtaining, 581 
nondrying, 581 
oxidation of, 581 
refining of, 581 
sulfonated, 413 
terpeneless, 584 

test of drying properties of, 581 
volatile, 580, 583-687 
Oldberg, Oscar, 113 
Oldherg percolator, 447 
Olein (6'16-In), 582 
Oleoresins (6-l6-6-r6z'In), 578 
official, 578 
Onslow, M. W., 568 
Operative pharmacy, 77 
Opportunities in pharmacy, 86, 88-90 
hospital, 90 
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Opportunities in pharmacy, profes¬ 
sional, 90 
retail, 88r-90 

Optical rotation, 220-228 
measurement of, by polarimeter, 
229 

by saccharimeter, 229-230 
specific, 228-229 

Organic acids, medicinal use of, 592- 
593 

Organic chemistry, 72, 77 
definition of, 72 

'‘Organic Materia Medica and Phar¬ 
macognosy,” 112 

Organic pharmaceutical chemistry, 82 
Organic pharmacy, 77-78 
Ornstein, M., 118 
Osmosis (fts-mO'sIs), 383 
Osmotic (68-m6t'Ik) factors, 401 
Osmotic pressure, 383-384 
of blood, 399-401 
Ostwald, W., 411 

Overcommercialism in pharmacy, 55- 
56 

Oxford, England, medical school 
established at, 27 
Oxygen, discovery of, 246 
Ozokerite (6-z6'k6-rIt), 588 
Ozone (6'z6n), 585 

P 

Pacific Drug Review^ 122 
Package size, 563 
Packaging, protective, 563-564 
Packed drug, flow of menstruum 
through, 452 
surface of, 453 

Padua (pftd'ft-i), early medicine in, 19 
Faimitin (p&rml-tln), 582 
Paper pulp, as filter aid, 510 
Parabin (p&r-4-bhi), 570 
Paracelsus (p&r-i-s^'stls), 18-20 


Paraffin, 583 

as coating for closures, 562 
pharmaceutical uses of, 588 
technical uses of, 588 
Paraffin oil, 588 

Parallax (p&r'a-l&ks), effect of, 236 
Par6 (pa'ra), 19 
Parillin (pa-rll'In), 598 
Paris, pharmacopoeia of, 100 
Parke, Davis and (Company, 129 
Parma, pharmacopoeia of, 101 
Parrish, Edward, 109 
Partial emulsification, 427 
Partial solution process, 440 
Partition, law of, 385 
Partition coefficient, 386 
Pasteur (pas-tfir'), 598 
Pasteur-Chamberland filter, 528, 530 
Pectase (pSk'tas), 571 
Pectinaceous bodies, removal of, 572 
Pectins, 571-572 

Pectocellulose (pfik'tft-sgPO-lOs), 568 
Pectose (p6k't5s), 571 
Pectosic acid, 571 
Pepsin, 599-600 
Peptides (pap'tids), 600 
Peptization (pSp-tl-za'shtin), 419 
Peptizing agent, 420 
Peptones, 600 

Percolate (pfir'kMat), control of rate 
of flow of, 445, 453 
three rates of flow of, 453 
Percolates, concentrated, 454 
receivers of, 455 

Percolation (pfir-k6-la'shtin), Amer¬ 
ican students of, 446 
complication of, 444 
constituents extracted by, 444 
definition of, 444 
development of, 446 
established by Boullays, 446 
exhaustion of drug in, 454-455 
extraction in, 444 
fineness of drug in, 454 
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Percolation (p(ir-k6-lft'8hto), history 
of, 445-446 

maceration period in, 445 
as method of displacement, 446 
preparation of drug for, 444 
pressure, 449-450 
principle of, 444 
process of, 444 

management of, 450-453 
Squibb, 455 

rate of 6ow in, 450-454 
small-scale, 450 
success of, 444 

theory and problems of, 44 4- 44 5 
use of, 444 

Percolators, 444, 446-447 
choice of, 451 
conical, 446-447 
filling of, 453 
jacketed, 447 

materials used for, 446-447 
CHdberg, 446-447 
ordinary, 446-447 
packing of, 452 
plain, 447 
Perkin, W. H., 366 
Perrine, Theodore, 525 
Perrine and Kump centrifugal tube 
filter, 525 

Pestles, 471, 482-484 
Petrarch (p€'tr&rk), 17-18 
Petrolatum (p5t-r5-lft'tfim), liquid, 587 
synonyms for, 588 
white, 588 

Petroleum, crude, 587 
Russian, 588 

Petroleum benzin, purified, 588 
Petroleum jeUy, 588 
white, 5^ 

Peyer, Willy, 540 
pH, 880-395 

Pharmaeeutieal associations, national, 
38, 4(M2 
state, 37-^39 


Pharmaceutical calculations, 75-76 
Pharmaceutical chemistry, 11, 23 
as applied course, 81 
as applied professional course, 74 
books on, 112-115 
qualitative, 81-82 
quantitative, 81-82 
Pharmaceutical chemists, 29 
discoveries of, 24 
famous, 23 

Pharmaceutical codes, 77 
Pharmaceutical curriculum, ad¬ 
vanced, 95-96 
basic sciences in, 68-73 
professional and applied profes¬ 
sional subjects in, 74-83 
Pharmaceutical education, 25-26, 30 
in United States, 35-38, 42 
advanced, 94-96 
laboratory courses in, 37 
revolutionized, 37 
Pharmaceutical Era^ 122 
Pharmaceutical ethics and codes, 77 
Pharmaceutical Journal^ 30 
Pharmaceutical jurisprudence, 76 
Pharmaceutical Latin, 78 
Pharmaceutical literature, 98 
Pharmaceutical manufacturing indus¬ 
try, 31 

Pharmaceutical mathematics, 75 
Pharmaceutical practice, first super¬ 
vision of, 15 

Pharmaceutical preparations, 77 
** Pharmaceutical Recipe Book,” 47, 
50, 108 

as nonofficial standard, 47 
Pharmaceutical research, 30, 94 
Pharmaceutical Society of Great 
Britain, 27, 29-31 
College of, 30 

Pharmaceutical specialists, 98 
Pharmaceutical Syllabus, 88 
Pharmaceutical technique, 75 
Pharmaceutical Therapeutics,” 112 
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Pharmaceutical training, advanced 
specialized, 95 
Pharmaceutists, 32 
Pharmacies, 25 
early U. S., 34-35 
government control of, 25 
hospital, 88 

inspection of, in Germany, 26 
limited number of, 15, 22 
minimum equipment for, 50 
oldest in U.S., 34 
professional, 87 
as property of state, 25 
retail, 86-88 

Pharmacist’s library, 99, 603-608 
Pharmacists, 27, 32, 40 
advanced study for, 51, 77-78, 95- 
96 

American, 98 
l)ooks necessary to, 46-47 
and competition, 52, 54-55 
duties of, 62-65 

educational requirements for, 25- 
26, 30 

and employees, 56 
in England, 27 
first-class, 26 

limited reading time of, 123 
manufacture of drugs by, 60 
manufacturing, 94-95 
nonprofessional commercial pur¬ 
suits of, 55-56 
obligations of, 53 
professional activities of, 51 
and professional pride, 52 
and professional research and in¬ 
vestigations, 61-52, 94-96 
registration of, 30, 88, 91 
in relation to physicians, 52-63, 55, 
63-64 

to public, 62-63 
second-class, 25 
student, 46 


Pharmacognosy, 69 
definition of, 78-79 
instniction in, 22 
textbooks on, 112 
Pharmacology, 14 
definition of, 79 
research in, 30 

Pharmac opoeia of the United States 
of America,” 46-47, 50, 70, 75, 
78, 81, 99-100, 103-104 
contents of, 105 
first, 102 
history of, 105 
as a legal standard, 104 
as a medical standard, 104 
as an official standard, 45-46 
precursors of, 103 
revisions of, 99-100, 104-105 

committee membership for, 104- 
105 

Pharmacopoeias, 22, 24, 26, 30-31, 
99-102 
city, 100-101 
European, 100-102 
official, 101 
private, 100 
state, 100-101 
U.S., 99-100, 102-105 
Pharrnacopoles^ 6-7 
Pharmacy, as an art, 35 
branches of, 86-88 
and changing conditions, 119 
chemical aspects of, 109 
C'ivil Service classification of, 91 J2 
courses in, 36-37, 68-77 
advanced, 77-78, 95-96 
definitions of, 45-46 

in “Guidance Leaflet,” 45 
educational status of, in 19th cen- 
tiuy, 109 

journals of, 118-128 
literature of, 76-77 
manufacturing, 94-95 
national movement in, 40 
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Pharmacy, odium of, 29 
opportunities in, 85, 88-96 
overcommercialism in, 65-57 
practical and theoretical, 35 
principles of, 73 
professional, 86, 90, 95 
tw. commercial, 56 
progress in, 38, 111 
in public service, Federal, state, and 
municipal, 90 
retail, 86, 88, 95 
sciences related to, 129 
textbooks on, 108^-112, 115-118 
women in, 94-95 

Pharmacy Act of 1933 (British), 30 
Pharmacy Corps of the U.S. Navy, 92 
Pharmacy schools {see Schools of 
pharmacy) 

Pharmacy Technician School of the 
U.S. Army, 93 

Phase of an emulsion, continuous, 425 
discontinuous, 425 
dispersed, 425-426 
external, 425 
intermediate, 425 
internal, 425 
third, 425 

Philadelphia College of Apothecaries, 
35 

Philadelphia College of Pharmacy, 36, 
121 

code of ethics of, 60-61 
first century of, 117 
''Philadelphia Pharmacopoeia,'^ 104 
Phlogiston theory of heat, 245-246 
Physical chemistry, 72 
Physical incompatibilities, 460 
Physical sciences, 71-73 
Physician-pharmacists, 33 
Physicians, early, 13, 16-19, 27-29, 
31-34 

Guild of, 14 

in relation to pharmacists, 52-53, 55 
as teachers, 36 


Physics, 69, 71, 73, 194-195 
definition of, 73 
Physiology, 6, 69-70, 73 
definition of, 69 
general, 69 
systematic, 69-70 

Pipettes (pPpgts), 185-189, 499-600, 
541 

dropping, 186, 188-189 
Hem pel gas-absorption, 543 
measuring, 186, 188 
transfer, 186-187 
Pitz, Walter, 112 
Plaited paper cones, 505-508 
Plant exudates, 578 
Plant fats, 580 

Plant growths, effect on drugs, 558-559 
Plant tissues, swelling of, 445 
Pliny (pltn'I), 8 

"Plough Court, The Story of a Nota¬ 
ble Pharmacy," 117 
Podophyllotoxin (p5d'5-fIl-5-t5k'sIn), 
577 

Podophyllum (p6d-6-fll'tlm), resin of, 
577 

Poise of viscosity, 219 
Poiseuille's (pwa'sfi'y's) law, 502 
Poisons, 11-12, 54, 79-80 
antidotes for, 80 
Polarimeters, 229-230 
Polysaccharides (p6l-I-B&k'&-rId8) ex¬ 
amples and properties of, 673 
Pomades (p6-mftd's), 586 
Porphyrization (pAr-flr-Iz-a'shttn), 465 
Posology (p6-85l'6-jl), 79 
Poughkeepsie, New York, first phar¬ 
macy in, 35 

Powder sublimates, 370-371 
Powders, clarifying, 540 
standard sieves for, 646-547 
"Practical Introduction to Pharm¬ 
acy," 109 

"Practice of Pharmacy," Remington, 
109 
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Preachers, as physicians, 32-33 
Precipitates, 453-462 
Precipitation (pr6-slp-l-t5.'shtin), 458- 
462, 485 

of colloids by electrolytes, 417-418 
importance in pharmacy, 459 
Preparations, pharmaceutical, 77 
worthless, 50-51 

Prescription (pr^skrlp'shtin) bal¬ 
ances, 160-164 

Prescription compounding, 34, 37, 78 
confidential nature of, 52-53 
^‘Prescription Practice and Dispens- 
ing,"lll 

Prescription shop, first in America, 34 
Prescription weights, 174-175 
Prescriptions, 6, 13, 29 
compounding of, 34, 37, 78 
confidential nature of, 52-53 
at cost, 29 
dispensing of, 50 
responsibility for, 80 
writing of, 34 

Preservation of drugs, 553-564 
research on, 563 
Preservatives, 70, 559 
Presses, filter, 522-524 
hydraulic, 491-492 
screw, 490 
tincture, 490 

Pressure filtration, 521-524 
Pressure percolation, advantages of, 
449 

theory of, 449 

Primitive medical practices, 1-2 
Principles of moments, 155-156 
“ Principles of Medical Ethics,” 65-66 
“ Principles of Pharmacy,” 110 
Proctor, William, Jr., 36, 109 
Products, meritorious, manufacture 
of, 60 

vs, worthless preparations, 50-61 
natural, 666-666 
Professional activities, 61 
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Professional appliances, knowledge of, 
53-54 

Professional confidence, violation' of, 
52-53 

Professional loyalty, 56-57 
Professional organizations, 54 
importance of membership in, 54 
(See aho Pharmaceutical associ¬ 
ations) 

Professional pharmacies, 87 
semi-, in U.S., 86 
Professional pharmacy, 86-87 
and commercial pharmacy, 56 
Professional pride, 52 
Professional publications, importance 
of, 47-48 

Professional research and investiga¬ 
tions, 51-52 

Professional subjects in curriculum, 
74-82 

applied, 74-82 
definition of, 74 
Proof gallon, 205 
Proof spirit, 590 

Proprietary Association of America, 
41 

Proprietorship, 89 
Proteases (pr5't6-5s), 600 
Protective colloids, 418 
Proteoses (pro'tC-os), 600 
Protolysis, 397 
Protolytic reactions, 397 
Protoplasm, emulsionlike quality of, 
424 

Ptyalin (tl'a-Un), 600 
Public health, 53-54, 70, 80-81 
Public Health Service, 91, 93 
Ihiblications, professional, importance 
of, 47-48, 51 

Pulverization (piil-v6r-I-z&'shtln), by 
intervention, 485 
Pumps, filter, 676 
Richards, 616 
vacuum, 616 
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Purified silicious earth, as filter aid, 
511 

Purified talc, as filter aid, 511 
Putrefaction (pCi-tr6-f&k'shtln), 598 
Pycnometers (plk-n6m'^t6rs), 195- 
198 

Pyroxilic {pl-r6k8-ll'lk) spirit, 591 
Pyroxylin (pl-r6ks'll-ln), 567 

Q 

Quacks, medical, 9 
in England, 27-28 
Qualitative analysis, 71-72 
definition of, 72 
pharmaceutical, 81 
textbooks on, 114-115 
Qualitative chemistry {see Qualita¬ 
tive analysis) 

Quantitative analysis, 71-72 
definition of, 71 
pharmaceutical, 81-82 
textbooks on, 114-115 
Quantitative chemistry {see Quanti¬ 
tative analysis) 

Quillaja (kwl-l5.'ya), 598 
Quincy’s definition of emulsion, 423 
Quinine (kwl'nln), 24, 555, 595 
Quintessences (kwInt-fe'Gns-fiz) of 
Paracelsus, 20 

R 

Radiation, 251-252 
Rancid fats, irritating effect of, 580 
Rancidity (r&n-cld'l-tl), 580 
Raoult’s law, 382 

Ratings, navy, for pharmacists, 92 
Rayon (rft'fin), 567 
Reactions, enzymatic, 599 
Reagents, chemical, 114 
and preparations, 107 
Reaumur (rg-6-mfir) thermometric 
scale) 254-255 
Receivers, Florentine, 542 


Recrystallization, 466 
Redistilled water, 345 
Redwood, Theophilus, 30, 108 
Reference material, 98 
on chemistry and pharmaceutical 
chemistry, 112, 114-115 
dispensatories, 107-108 
American, 107 

on dispensing-prescription practice, 
111-112 

on history of pharmacy, 115-118 
house organs, 128 
journals, college, 129 
of pharmacy, 118-128 
of related subjects, 129-130 
on materia medica and pharmacog¬ 
nosy, 112-114 

National Formulary, 105-107 
pharmacopoeias, 99-105 
textl)ook8, 108-111 
Refraction, 221-224 
index of, 221-223 

Refractivity, specific and molecular, 

223- 224 

Refractometers (r6-fr&k-tdin'6-t6r), 

224- 226 
Abbe, 224-225 
dipping, 225 
Fisher, 226 
immersion, 225 

Refrigeration (rS-frlj-^r-fi'shfin), 
320-329 

Refrigerator, definition of, 556 
Registration of pharmacists, 30 
Regulations, lack of, 33 
Religion and medicine, 3-5, 7-8, 14, 
16-17 

Remedies, 98, 102 
drastic, 108 
fixed prices for, 15 
household, 31 
lore of, 98 
milder, 108 
simple, 3 
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Remington^B Practice of Pharmacy,” 
first edition, 109 

Renaissance (rftn-fe-sans'), medicine 
and pharmacy during, 18-20 
medicine and pharmacy preceding, 
lS-18 

Rendering of fats, 581 
Rennin (rSn'In), 599 
Repercolation, 455-456 
Squibb’s process of, 455 
lU^search, pharmaceutical, 51-52, 94- 
95 

in storage and preservation of 
drugs, 563 

Resin of scammony, 577 
Resins, cathartic action of, 577 
composition and properties of, 576 
guaiac, 577 
gum, 577-579 
manufacture of, 577 
in plants, distribution of, 577 
occurrence of, 577 
synthetic, 577 

Retail pharmacy, opportunities in, 
88-90 

types of, 86 
Retorts, 333-334 
Reversible colloids, 413 
Rhazes (ra'zfts), 11 
Rhizotomes (ri-z6t'6-me8), 6 
Rhubarb (rob'barb), 11, 13 
‘‘Ricettario,” 22, 105 
'‘Ricettario Fiorentino,” 101 
Rock candy, 574 
Rock oil, 587 
Rogers, Charles H., 115 
Roman medical and pharmacological 
practices, 7-9 
Root diggers, fi 

Root drugs, gelatinization of, 572 
Rosin, 577-578 

Hother (r6th-€r), Reinhold, 109 
Rouelle, 23 
Ruddiman, E. A., Ill 
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Rules for conducting filtration, 532- 
536 

Rushy, H. H., 120 
Rush, Benjamin, 113 

S 

Saccharimeters (s&k-a-rlm'6-ter), 230 
Saccharometers (8&k-a-r6m'$-tSr), 207 
Sad tier, S. P., 114 
St. Benedict’s hospital, 14 
St. Louis College of Pharmacy, 36 
Salaries in pharmacy, 89-90 
Salerno (sa-16r'n6), hospital at, during 
( rusados, 14 
Salerno scholars, 16 
Sales promotion, 94-95 
Salesmanship, 95 
Salicin (sal'l-sln), 596 
Salting in, 381 
Salting o\it, 381 

Salts, granular effervescent, 593 
Sand baths to regulate heat, 275-276 
Sanitary regulations of Jews, 3 
Saponins (s&p'6-nlns), classification of, 
597 

definition of, 597 
as detergents, 597 
as emulsifying agents, 597 
harmless, 597 
hydrolysis of, 597 
irritant action of, 597 
physiological action of, 597 
poisonous properties of, 597 
solubility of, 597 
sources of, 598 
uses of, 597 

Sapotoxin (sllp'6-t5k'sln), 598 
plant sources of, 598 
Sarsaparilla (sar'sa-pa-rll'a), 598 
Sarsaponin, 598 
Sarton, G,, 117 
Sayre, L. E., 112 
Scales, 153-154 



646 PRINCIPLES AND PROCESSES OF PHARMACY 


Scammomn (sk&-m5'nlii), 577 
Schaeffer, H. H., 115 
Scheele (shalft), discoverer of glycerin, 
692 

of oxygen, 246 
Schelens, H., 116 
Schellbach burettes, 184-185 
Schimpf, H. W., 114 
School of Pharmacy (British), 30 
Schools, of medicine, 17, 108 
of pharmacy, 23, 95-96 
founding of, 99 

and journals of pharmacy, 122- 
124 

responsibilities of, 98 
state-supported, 38-39 
Schweizerische Apotheker-Zeitungy 128 
Sciences, basic, 68-73 
biological, 6^71 
physical, 68, 71-73 
Scientia Pharmaceuticay 128 
Scientific societies, role of, 118 
Scoville, W. L., Ill 
Screening, 544 
Screens, 544-546 
Screw presses, 490 

Sedimentation (sfid'I-mfin-ta'shtln), 
540 

Seita filter, 528-630 
Selective Service Act, pharmacists 
chosen under, 92 
Semimicrofiltration, 524 
Semipermeable membranes, 383 
Sensitivity of a balance, 157-158 
Separation of substances, gases from 
gases, 542-543 
gases from liquids, 542-543 
liquids from liquids, 541-542 
liquids from solids, 487-493 
solids from liquids, 5017-538 
solids from solids, 544-560 
Separators, high-speed, 534 
Separatory funneb, 541-542 
Serinb, rapid filter of, 520-521 


Serology, (sd-rdro-jl), 70 
Sertttrner, 24, 594 

Service to public, by pharmacists, 52 
Shapiro, H., 531 
Sieves, 537, 544-549 
care of, 548 
meshes of, 545 

standard, dimensions of, 546-547 
Sieving, 544 
Sifting, 544-550 
rules for, 548 

Silica gel, as filter aid, 511 
Simond, William, 113 
Simple filtration, proper assembly for, 
535 

Simple percolation, apparatus for, 451 
Simples of the National Formulary, 
107 

Singer, C., 117 
Sinigrin, 596 
Sintered-glass filters, 530 
Siphons, 498-499 

Small animal life, effect on drugs, 558 
Soaking, in process of maceration, 441 
Soap bark, tincture of, 597 
Soap Makers Journal^ 127 
Society of Apothecaries, 28-29 
Solid fats, constituents of, 582 
Solids, in emulsions, 430 
expansion of, 247-248 
separation from liquids, 501-538 
separation of liquids from, 487-493 
separation from solids, 544-550 
solutions of, 377-381 
specific gravity of, 211-216 
Solubility (sbl'fi-bll'l-tl), determina¬ 
tion of, 379 

effect of pressure on, 378 
effect of temperature on, 378 
factors affecting, 379-381 
U.S.P. terms for, 367 
Solubility product, 462 
Soluble gun cotton, 567 
Solute (sOl'at), 374 
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Solution (sd-lQ'shlln), effects pro¬ 
duced by, 382-383 
Solutions, boiling points for, 377 
elevation of, 371 
colloidal, 427 
concentration of, 381, 403 
of gases in liquids, 375-376 
hypertonic, 399 
hypotonic, 399 
isotonic, 398-404 
calculations for, 399 
of liquids in liquids, 377 
lowering freezing point of, 382 
lowering vapor pressure of, 382 
molar, 381 
normal, 381 
ophthalmic, 403 
saturated, 378 
of solids in liquids, 377-378 
supersaturated, 378 
types of, 375 
vapor pressures of, 377 
Solvating, 420 

Solvent (sOrv^nt), elevating boiling 
point of, 382 

lowering freezing point of, 382 
lowering vapor pressure of, 382 
Solvent-fearing colloids, 413 
Solvent-loving colloids, 412 
Solvents, 374 
compound, 380 

immiscible, use of, in extraction, 
385-387 

low-boiling volatile, 586 
nonaqueous, 375 
Southeastern Drug Journal^ 122 
Soxhlet (sOks'lfit) extractor, 342 
Spalding, Lyman, 103 
Spatula^ 122 
Spatulas, 471, 485 
Specihc gravity, 194 
applications of, 195 
of liquids, 190-211 

methods of determining, 198-208 


Specific gravity, of solids, 211-216 
Specific heat, 268-269 
table of, 268 

Specific optical rotation, 228 
Specific volume, 216-217 
Spermaceti (spfir-ma^'tl), 582-583 
Spicers, 21-22, 28 
Sprengcl, (spr6ng'ei) tube, 198 
Squibb, E. R., 446, 455-456 
Squibb process of percolation, 455-456 
Stabilizers, chemical, 560 
Stabler-Ijcadbeater Pharmacy, 35 
Standards, professional, 46-47, 54 
Starch, affinity of for water, 569 
anhydrous, 569 
chemistry of, 569 
dextrose from, 569 
food value of, 569 
granules of, 568-569 
iodine test for, 569 
microscopy of, 568 
pharmaceutical uses of, 568 
solubility of, 568 
source of, 568 
as source of dextrin, 569 
Starch paste, 568 
Starches, 568-569 
State boards of pharmacy, 39 
State pharmaceutical associations, 54 
State pharmaceutical organizations, 
table of, 39 

State university schools of pharmacy, 
table of, 39 
Steam baths, 279-281 
Steam distillation, 361-365 
of volatile oils, 584 
Steapsin (st^ftp'sln), 600 
Stearoptenes (st6-arr6p'tens), 583 
Sterilization (st6r'l-ll-z&'shttn), 70, 
404-408 

by bacteriological filtration, 407' 
by chemical means, 407-408 
discontinuous, 406 
by dry heat, 406-406 
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SterOiaation frac- Sulfates, higher fatty acid, 432 


tional, 406 

of glassware, 405-406 
by insippation, 407 
intermittant, 406 
interrupted, 406 
of medicinals, 563 
by moist heat, 406-407 
official processes for, 405-407 
in salt or oil baths, 407 
by steam under pressure, 506 
by Tyndallization, 406 
Sterilizers (st^r'I-liz-6r), hot-air, 283 
steam, 282 
Stevens, W. C., 112 
Stills, 333 
water, 344-352 
Stocking, C. H., 110 
Stokes’ law, 550 
Stone oil, 587 
Storage of drugs, 322 
temperature of, 323-329 
(See also Refrigeration) 

Strainer cloths, 489 
Strainers, frames for, 536 
Hippocrates’s sleeve, 537 
leg-of-mutton, 537 
metal, 537 

Straining medium, 537 
Streamline filtration, 526-528 
Subdivision of drugs, mechanical, 470 
Sublimates (stib'U-matz), cake, 370 
crystal, 371 
powder, 370-371 

Sublimation (stlb'll-ma'shtin), 368- 
371, 463 

Sucrase (sO'kr&s), 600 
Sucrose (sQ'krOs), 560, 574-575 
Suction j^tration, 516-518 
Suction flasks, 351 
Sugar, manufacture of, 574 
reflning of, 574 

Sugar solutions, discoloration of, 574 
Sugars, 572-576 


Sumerian medicine, 2-3 
Superstitions, 8, 16-17, 33 
Supplements to U.S. Pharmacopoeia, 
99 

Surface-active agents, 414 
Surface tension, 233-234 
applications of, 239 
measurement of, by capillary tube, 
236-237 

by stalagmometer, 236-238 
by tensionometer, 236-239 
Surgeons’ Company, 28 
Surgery, 7, 10, 14, 19-20, 28 
Suspensoids (sOs-pCn'soid), 413 
Syringes (sir'inj), 541 

T 

Talleyrand (tftr^r&nd), 134 
Tallow, 582 
Tanner, H. G., 515 
Tanner’s apparatus for hot filtration, 
515 

Tannic acid, 539, 555 
Tannin (tftn'In), 441 
Tartaric acid, 593 
Taxes, on pharmacy, 54 
Tea, as example of infusion, 442 
Teaching in schools of pharmacy, 94 
Temperature, definitions of, 556 
effect on drugs, 555-556 
eutectic, 384 
of incubation, 284 
standard, 194 
of storage, 323-329 
Tenaculum (t^n&k'u-lttm), 536 
Tensiometers, 237-239 
Tensions, interfacial, 239 
surface, 233-239 

Terebinthina (t6r'6-bln'thl-n4), 565- 

666 

Tetrasaccharides (t6tVa-sftk'4-ridz), 
572 
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“Textbook of Pharmacy, A,’' 110 
Textbooks, on chemistry and phar¬ 
maceutical chemistry, 112-114 
on materia medica, 112 
on pharmacognosy, 112 
in pharmacy, 24, 49-50, 108-111 
American, 109-111 
on dispensing. 111 
on history of, 115-118 
on prescription practice, 111 
on quantitative and qualitative 
analysis, 114r-115 

** Theoretical and Practical Phar¬ 
macy,” 110 

Therapeutics (thftr'a-pO'tTks), defini¬ 
tion of, 79 

Theriaca (th6-rl'a-ka) of Mithra- 
dates, 7 

Thermodynamics, 249, 251 
Thermometer (th6r-m6m'6-ter) read¬ 
ings, conversion of, 255-256 
Thermometer scales, absolute, 256 
centigrade, 254 
Fahrenheit, 253 
Ileaumur, 254-255 
Thermometers, 253-265, 279 

care and handling of, 258-259, 261 
pharmacopoeial requirements for, 
257 

for pharmacopoeial testing, 257-261 
types of, Anschutz, 262 
clinical, 263-264 
differential, 262-263 
Beckmann, 263 

maximum and minimum reading, 
264-265 

Thesaurus (th6-86-r<ls), 105 
Tincture press, 490 
Tituration, 483-485 
Tolu, 679 

Torrefaction (tOr'M&k'shtin), 315-316 
Torricellian tube, 302, 351 
Torsion (t6r'shffn) prescription bal¬ 
ances, 155, 161-164 


Toxicology (tftk'sI-kOl'O-jl), 79 
Trade journals, 48 
Tragacantli (tr&g'a-k&nth), 430-431 
mucilage of, 570 
Transmission of heat, 249-252 
“Treatise on Pharmacy, A,” 110 
Triethanolamine, 432 
Trigonometry, 73 

Trihydroxytriethylamine (tri'hi-drUk'- 
sl-tri-6th'll-^men'), 432 
Trisaccharides (tri-s&k'a-rids), 572 
Trituration (t It-U-ra'shUn), 483 
Trivalent bases, 428 
Trochiscation (tro-kls-ka'shUn), 538 
Troy weight, 142 
applications of, 147 
table of, 143 

Trypsin (trlp'sln), 599-600 
Tulane University, 36 
Turbidity (tur-bld'l-tl), 539 
Turin (tu'rln), pharmacopoeia of, 101 
Turpentine (turps), 566 
oil of, 578 

“Tutorial Pharmacy,” 118 
Twaddell scale, 206-207 
Tyndall (tin'dal) effect of colloids, 416 
Tyndallization (tin'dftl-l-za'shiin), 406 

U 

Ultrafiltration, 524 

Ultramarme (ttl-tra-ma-r§n') blue, 575 
Ultrasonics, 421 

United States, pharmacy in, 31-42 
United States Army, pharmacy in, 91- 
92 

United States Bureau of Standards, 
136, 172, 180 

United States Civil Service Commis¬ 
sion, classification of pharmacy 
by, 91-92 

United States fluid measure, 144-145 
United States Health Service^ phai> 
macy in, 94 ^ 
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United States Marine hospitals, 
pharmacy in^ 94 

United States Navy, pharnfacy in, 91- 
92 

United States Pharmacopoeia (see 
Pharmacopoeia of the United 
States) 

United States Pharmacopoeial Con¬ 
vention, 104-105 

United States Public Health and 
Marine Service, 94 

Units of measurement, origin of, 133- 
134 

Univalent bases, 428 
University of Michigan, 37, 42 
University of Pennsylvania, 35-36 
Upjohn Company, 449 
Urinometers ((l-rl-n5m'6-t6r8), 207- 
208 

V 

Vacuum (v&k'd-tim) dissicators, 310- 
311 

Vacuum flasks, 351 
Vacuum pumps, 350, 516 
Vapor, generation of, 333-334 
saturated, 296, 301 
Vapor pressure, 296-297 
Vaporization (vft-p€r-I-za'8htln), heat 
of, 295-299 
table of, 296 

rate of, factors influencing, 299-301 
Vesalius, Andreas, 19 
Veterans Administration, pharmacy 
in, 91-92, 94 

Virginia, oldest pharmacy in, 34 
Viscose (vls'kOs), 567 
Viscosimeters, 218-221 
Viscosity (vls-k58'l-tl), 217-221 
absolute, 219 
kinematic, 219-221 
« relative, 218-219 
Visual aidis. 61^-615 


Volatile oil, preexistence of, 584, 596 
Volatile oils, 580, 583-587 
characteristic odor of, 584 
composition of, 584 
emulsions of, 430 
methods of obtaining, 585-587 
properties of, 585-586 
storage of, 585 
synthetic, 587 

Volatility, effect on drugs, 559-560 
Volume, instruments for measuring, 
180-191 

measurement of, 144-147 
metric, 138 

Volumetric analysis, textbooks on, 114 
Volumetric flasks, 182-183 

W 

Wagner^s reagent, 595 
Wash bottles, automatic, 494 
continuous flowing, 495 
handy, 495 
nonsplash, 495 
Spritz, 494 

Washington convention to formulate 
pharmacopoeia, 103 
Water, of crystallization, 465-466 
distilled, 344-346 
of hydration, 313 
interstitial, 320 
preserved, 404 

Water bath to regulate heat, 276-278 
Water pumps, 348 
Water sifting, 485 
Water stills, 344-345 
Water traps, 617 
Wax, Spermaceti, 582-583 
White, 582-583 
Yellow, 582 

Waxes, determining specific gravity 
of, 214-215 
emulsified, 430 
as preservatives, 556 
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Waxes, to regulate heat, 278 
synthetic, 583 

Weak percolate, solvent action of, 455 
Weighing instruments, 153-154 
Weight, 141 
apothecaries, 143 
avoirdupois, 143-144 
metric, 139 
Troy, 142-143 

Weights, analytical, 175-176, 178 
applications of, 147-149 
apothecaries, 174 
care of, 176 
classes of, 172-173 
commercial, 174 
control of, 22 
dispensing, 173-174 
errors in addition of, 178 
and measures, 133 
applications of systems of, 147- 

148 

conversions of, 149 
fundamental equivalents of, 148- 

149 

prescription, 174-175, 178 
selection of, 171 
standard, 172 
use of, 176 


Wellcome, Henry, 31 
Wetting agents, 239-242, 414 
industrial applications of, 240-241 
structure of, 240 
Whisky, 588 
White petrolatum, 588 
White turpentine, 578 
White wax, 582-583 
Wine as a solvent, 440 
Wine measure, 144 
Wire gauze to regulate heat, 275 
Women m pharmacy, 94-95 
Wood, dry distillation of, 591 
Wood alcohol, 591 
Wood and animal charcoals, 511 
Wood ashes, leaching of, 443-444 
Wood naphtha, 591 

Y 

Yearbooks of pharmacy, 128 
Yeast cells, activity of, 598 
Yellow wax, 582 
Yolk of egg, 424 
as emulsifying agent, 431 

Z 


Zoology, 69 
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